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I’RKI'ACK. 

WllKN starliji<^^ the Motor (‘ar Kn^nu'ennf^ 
Class at (riiildford 'roflinical Institute the 
author <^^ol to^^ether sonu* ioctun* iintcs which 
form the basis of the i)rcs(‘nt hook, It i.s 
intendfd n . an l-deinentarv 'IVxthook for those 
students who want a ^^Mu*ral kn{)wk*doe of 
motor car C(»nstruction of the ])rt‘sent day. and 
wht| intend t » take tin* allied subjects c)f 
^Mechanics, Mathomalics. and Matdiine Design; 
Kwinples of ty{>e^ hav(‘ beiMi j^uveii. no atteUi[>t 
bein^^ iuad(‘ to jui tjxliaustive study of every 
piece of apparatus put forward by tlie manu- 
facturers for puliiic a})proval and use. 

Th(‘ student is mlvised to make sketches, 
fully dimensioned, to suppleimmt tho.se :n the 
book, and lie (‘ould prohtahly refer to Volume IV. 
of this scries on “ To«)thed Gearin^^ ” when r‘«d- 
ing chapters xv. and xvl. The nec<‘ssanly brief 
reference to ignition matters in chapter ix. should 
cbe supplemented by a hook dealing exclusively 
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with the subject', such as '' Mibgneto^nd JfiieoCno 
Ignitipn ” by W. Hitdbfert (WhittSker & Ca) 
The author 'desir^ 1;o express his thanks to 
Humber €ftrs, Ltd., for*the4oan of bldcks for 
the frontispiece, and Figs, 41), ?7, 81, ^A5, 90; 
to S. Wolf il’ Co., ‘'Southwark St., F.C., fer blocks 
for Figs, 5*2, 53, an<J also to the students who 
made the drawings for the remaining figures. * 
The author desires also to put on record his 
grateful appreciation of the work dSne by Mr. S. 
Latstone, A.M.I.K.E., in reading the manu- 
script and making valuable suggestions. 

W. E. Dommett. 

Ki.ng8ton-on-Thamks, 191H. 
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M()T()1{ i\\U ,MK(ilA\ISM. 

( IfAPTKR I. 

INK r\ii. 

HkioM'; ini<j tlctuiU. ;i suiiiiiiiii \ of the 

|)i'iiici|);tl clcjiH-nfs winch constitute the modern 
iiiotoi’ c,iu\ and the manriei m which they are ar- 
ranged t‘e||^{i\t‘ to oDf another will he i^nven. 

Ret Us .isstime ihr*. we ai-e staiidine at the side of 
the cai inctorialK illnstiated in tlie fjontispiece. then 
the line d)a^\lne■^ ot the s;nn'‘ car o! wincli I 

j^ives .1 side ('l.•vallon itlif neat side whei'ls hein;^MjlT), 
atid l' a pl.iii (the d.ishhoaid lieine absent), can 
lf‘ more easily lead and tin tnllowme desci ijaion more 
iT'iiddy ^u'asped. 'I’lie doiu . ie> an' tliose of an lj-9 
nnmht'i' cai fl his exatnple iK-iim ciiosen ;is rt'pn'senla- 
tivc ot th(‘ he^t Hritisli practice 

The photo and tii(mes n^preseni wliat is teclini- 
cally known as the i'/uian;'''. wliudi can 1 m*s' iK'dcfint'd 
as a conijilete motor (^ar less the Uidv work* 

l‘roceo<iine uow to mmmeratc iht? parts. A is the 
frame woik which is supponod or mounted thThugh 
splines .s on the front and rear axles m, n, which are 
in turn suppoi't^^ by tile #}u*els n\ Upon this framc^ 
are the jK^ccr plaint, tin* tr(lnsmisst(>h*^^dri}lg, and 
contrulli n g c^'h a h h m . 
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'The cfa’ is fitted with I'ln ini(*rna> combUHtion 
engin(3 E from' v>fbicli the energy for propel ling^he 
vehicle is ohJ,ained. This j)owev is transmitted by 
a clutch F to a ^ear box (\, and th(‘n(^e by a shaU H, 
and ^c(^;inn^c onclosod in the (‘.asin^f K <3b cross shafts 
which driv(‘ the renr road wheels, 

Tht' clutch is fitted so that un(l(M' circumstances 
\vhich require if, such as when chan^^in^f t?'*^3ar, the, 
engine can he disconnected from the tiansmission 
^earincc. 'ppe ir^^ars in tin* box (1 are us^d for alter- 
iufc the ratio of the revolutions of the en^nno re- 
lative to the revolutions of the shaft fl and road 
wheels, the necessits for this tiltintt hrmi 

the fact that below certain sjK'eds the powi'r ^rmer- 
ated by an internal combust ion eii^un/' falls off 
very rapidh. The ^earini^ in the casinpc K is known 
as tlu' dillt'riMilial or halatu^.e tt^‘arin;^h and it not onl\ 
connects the shaft If to the shafts of the road wheels 
ir, hut also ('iiahles tfte powei taken by and n*vo- 
lutioiis of the wheels to ho aiitoniaticitlly eonlrolhal 
W'hen th(! car is proceedin^c jilon^r a curved track. ' 
The engine and its eomjionent memh(‘rs, such as 
the mahuieto, carhundler, hihi le.ator pump, water cir- 
culatiiifc pump, and tan, are housed muh'r a covei' [j 
known as th<‘ “ bonnet Tins e.ovei (‘xttmds from 
the radiator M, which contains the eoolinj,; water for 
tfle en|:cii)e 10, to the dashhoaitl N. 

The direction in which the car is movitipf e.an lie 
maintained or altered In means of a sU^ering j^ear P 
which cou])les the hand wdieel Q to llie front wheels. 

(Other controlling^ meml)erHT‘e(jtiired fve a foot pedal R 
for nuinipulating the clutcli, a foot y^edal S^for actuat- 
* ing the brake T whicli is on the driving sliaft immedi- 
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ately in tho r 'ar of*fche a hand leve* U lvhi«h 

aclfhates the brake* V^ittached to road wheels, 

a haml levei‘ W alteriii*g the gears, t^nd certain 
levefc both haml ifnd loot operated, wliich are coupled 
to vafious litiiients of llu* engine. Aithougli the de- 
sci ipti«M giv(‘n is that of a vei y edninion type, there are 
ol coui’se insliinees of vaii^tion \vhi(;h ar(* hugely due 
,to tin* retjuii'enuiiits :in-<in;^ from the eJiaiaeter of tlie 
work tlie car is called on to pei forni. J'\>r example, in 
the h(*aviei; and higher- powt'red cai^ iisixl for com- 
mercial jiurposes it is not unusual to lind llie differen- 
tial and transv('r.se shafts mounted on the ge.ir liox, the 
shafts hoing coupled h\ chain and sprocket g(*ui'ing 
with tin* two rear road wheels. In another form 
and usual^' with lightei' and lower-powered cars, the 
linal ti'ansimssiou element comprisis a single chain 
coupling the gear hox shaltmg with tin* differential. 

W hen otiiei^ forms of pt)Wer plant using steam or 
electricity aie fitted tin* ai rangement of paits may 
differ considerafily from that descrilifd in connexion 
\tith tlie internal eomlnislion engined car, hut as the 
numher of such cars is ix.lalively small the chapters 
dealing w itlf tin* <letails of parts will also include the 
ai'rangement of those jiarts. 



OnAPTKKll. 

THE ENGINE. 

An internal combustion engine is made up of a 
number of moving and stationar}' parts, in th(* foi*mei' 
class being the piston, connecting rod, and valves; 
and in tin; latter, cylinder^ crank case, and fuel- 
supplying and ignition devices. The net result of 
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these parts properly functioning together is the de- 
velopment of pcwei’ in the- rotating crank shaft which 
*can be coupled up for yiekfmjf useful woik. 

A diagfarnmatic view of such ivj engkie is given 
' Fig. 3, the cylinder A has a water j-itkei B and is 
( 6 ) 
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mouniea oij i le upj)er h^f^of the crank caw C.* !« 
the ?5ylinder reeiprocn^es a piKton l^ v’which is/joupled 
to the^rank shaft K4)y a connectiiif^ rod F* An inlet 
valve*H control the passa^'e of fuel from the induc- 
tion pfj)e to the cylinder, and an exhaust valve I the 
flow ofiJised ^^ases from the cyliflder. U])On the in- 
duction pi])e is mounted the fu(‘l-sup])lyin^< device or 
pirburettei' ( h and on the (‘xhaust pipe? a silencer K. 

Cycle of OperaComs . — -When a numher of pails co- 
act so tliat a certain set of operations are hein^^ con- 
tinuously re])eated, eacli set of opmaiions is known 
as a “ cycle, ’ and the tim(‘ taken to ))erl'orm tliis 
cycle is known as the “period 

fn the intiM'iial comhustion enj^ine a complete cvcle 
may occur^durmf^ eveiy four strokes of the piston, 
or durin^^ only two. In the first case the cycle is 
known as the four-stroke, or the “Otto,” this latter 
heinj' a name of the desi^mer of the first really suc- 
cessful engine working' on this pnncijile. The other 
cycle is known only as tlu* two-stroke cycle. An 
tii^ine on the one-stroke cych' has heen constructed, 
l>ut its manufacture was not put on a commercial 
basis and n* development in this direction of any 
merit has occurred since. 

Tke Four-Stroke Cyde. —Assuming the piston D, 
Fij'. 3, to he at the top of the cylinder and just start- 
ing to move dowm, that the exhaust vaive i-^ closed atid 
that the inlet valve is o})en, as the piston moves it 
draws in the charge of mixed fuel and air from tlTe cai*- 
burettor (1 and perforins w:hat is known as the .suction 
stroke. At tite ijOttom\)f Ifie stroke the inlet valve II i^ 
closed. Dui'ing tjie ensuing up stroke Alfe jwston com- 
presses the charge intoa space at thetojiof the c\ lindtT* 
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and {)erferms the c(mprc^$[()7i stk)k(\ i*Jt may here 
be noted that >vj^en tht; fr(V‘ syacc ab')ve the pis»ion 
is of miniihuin volume, this is cf«llt'd thi* “ cUrrancc- 
volume Wlieu the piston ’arrives at tli(^ to]) Af the 
compression stroke, the eoin})i t‘Ssed n>i\ture i^ lii’ed 
by th(‘ spaikin^r plb^. and the I’c^sidtin;^ (^])losion 
forces down the ])iston wjiieii pcn’forins iis poircr oj* 
evplosion at yoke. On the ne\t up stroke, and the^ 
exhaust valve 1 ht'in^^ optni, the hin nt j^Mses ai-e loi'ced 
out of the cylinder, tlu' ])i'.tou }h*i forming the r.rliausl 
fitrokc. The cycle of operations then starts a^^^ain to 
proce(‘d in like niannei’ all the while th(‘ en^iie* is 
actin;^' pro])erly. 

The Cfilimlvr. Made of ciose-Ltrained cast iion, 
each cylindei is tnrneil in a lathe and i^rt^iind on its 
interior cylindrical surface so that it is extieinelv 
smootli and the sanu' diann'ier ,ilt alon.u The upper 
])art is how’ever made sliLthth lal•,^•r. so that the 
piston cannot wa'ar tie* cvlindn to^lea\(‘ a nd^o*. 
Valv(‘ ])Ockets and a water jacket aie also pio\ided, 
as already show’ll in the cylinder oiiilnu'd in ^’l^^ .‘1. 
In some cases the c,onihus| ion head is not cast in one 
with tile rest ol the e\lindei, neitljei is» it universal 
to form the outer w'al Is of the water )ac,ket inteeral 
therewith. Amoii'^' the ad\anta<^'es ot .a separate 
head, is the ease w’ith which the piston head can he 
g&j at for cleanin;.(. Another advanta^^' is that tlie 
surface of the c\lindei' wall on the water jaidiet sub* 
can f)(' turiu'd, in consetjuence (;j whi(di a more 
etlicient coidin^ is obtained and a more imitorm 
t^hickness ot wall lessens tlV* i'eteriut,! strains when 
warmed up ' ' , 

A singh* c\jinder Aistine is illustianMl in Fie 1. 
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irom wnicn s ^mo idea comiilexity aiif*f aming^- 
menti of the jmrts ot ^he*tiasting 0%’* he obtained. 

Tii**niodern carsf th<; engine usij}giy has four 
cyliticlej's whiclt c^fn be ai ranged in oiu* of three ways : 
(d) four s(*|)itrat(; cvlindei's, (h) cvlinders cast in 
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Fid. 4. ~ Sin^k'-r_\liii<lrr with v;iiNe> 'H m\Q ^ule^ 

|)aii'Sg((') all four cxlinders in oni* casting, a ini*;hod 
known as th(‘ inonoliloc. In deciding which s\^t^un 
to adopt the designer has to consider a large number 
of points, for eianiple wfien separate units are useti 
any defect arising in one unit can hy*ch^a]Ily and 
easily remedied, whilst an\ (tefect in a inonohlo^ 



ting iifeans Rcrapping 4lv‘ wholo loy. . This dis- 
'aiitagi^ dooKti^fc not'd so rtmcAi consideratioi\bo\v- 
r, now ^tho art of woldinj. has been hrt)tight 
such a high pitch, ff more rtiati out' t^^pe of 
fiiK' is h('ing made the same units c^^‘n Ih' used in 
tvo-, four- or six-cylinder engine, the number of 
terns and tools usi'd heipg reduced to a minimum, 
linst tliis iidvaiitage is the fact that the weight, 
ind overall h'ngtli ot such an (‘Ugine are increased 
comj)ared with ihi' monohloc arrang^unent. A 
unimportant point to consid(*r is tlu' number of 
e joints requirc'd, the arrangement of the piping, 

I also such maltf'rs as the number of b(*arings it 
lesired to sup])ort (he crankshaft in At the end 
the chapter, in Fig. II, the four-cvlnu^Jei* engine 
sti'ated is made u]) from two sets of castings each 
itaining a pair of c}lmd(‘rs. 
riio Crank Case. -This is usually of |ilumminm and 
[ued in two jiaits, ol which the upper j)art is at- 
lied to the Irame ol th(‘ chassis oi' to a sub-frame, 

I carries th(‘ mam crank shaft bt'aiings, wliilst thb 
'er part jiraclically acts onl\ as an oil container, 
ich is the case with tlie engnu' show i! in k’ig. 1 1, 
The ujiper part is sus})end<‘d from the frame at 
ee points, so tliat it <loes not beconn* distortetl 
en the car is moving ovi'r umwen gioiind. 
kVh(!n plain bearings aie used thev are generally 
gun-metal or phosjihor hionze and sorm^Mmes 
-'d with w’hitc metal orothei’ aiiti-tVietion material, 
^re is an advantage in lining the bearing in this 
pect that instead of the^crank sliuft seizing wdth 
isequeitt *l)ad i*esults to the onigine when the 
ricating system ^ fails, the lining it^'tf melts and 
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warning is tlif;reby*given^ ^ In more recenHpr aCtici, 
balPlijBarings have'; bef^ii s^Jccessfiill^Vinployed, those 
of the*doul)le. row st?^*f-aligniifg 
type*such as th^ S^iefko ‘being 
eminently sjftisfaciorv. As 
will l)e,j»otict*tl in the drawing 
of a journal Ix'aring, tlu* ouiei- 
juee is spli(*rical with ct‘nti-(‘ at 
the centre of the beai‘ing and 
is common^ to both sets of 
balls. 

An entirely diffen-nt d(*sign. 
lor which a good deal can be 
said, is that in which a barrel - 
shaped ci^sting is uM.*d, two 
circular end ]jlatt*s carrying 
the front and rear Ix^aiings. 

The Pist(>n '<. — Trunk pis- 
tons are iisf'd and genei-ally *^^*‘** 
made of cast iron, but some 
makiu's now use pivssed sitad, w'ith a const*quent sav- 
ihg in weight. Not only i. the w(‘ight leduced but 
the problenivjf l)alancing and in<*rtia, to which atten- 
tion lias to bt' paid if oru'. desires to produce a vibra- 
tionless engine, becomes much easier. The hmgih is 
from one to one and a quai'ter times th * diameter, 
and the thickness of the head about s(‘vt‘n-huhdredtks. 
The ^tops ai-(* (dther CN^ncave, convex, or flat, the 
choice being gov(*rned by the volunii' of compiession 
space re(]uired more than anything else, although it 
has be(m fouiu^that 6onicavo tops are more liable tQ 
form a sooty d(*])Osit. Webs may lx*' f6rm(»ii,on the 
inner surface #)t the top of the'* head lor assisting in * 
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the heat, stren^t|jeninff the ('.le/icl, and for 
Electing and ii/^^cting luhnicatiiig oil to the gudj|t^on 
in. • * • 

Under workVig condition*, the teiAperalure ilie 
']) ol the ])iston is higher than that ftf the Hotioin 

and ali«j than 
that of tlu' cy- 
linder \\alls; it^ 
IS thci’eloi'e ne- 
cessary to pro- 
\ ule tor unequal 
( xpansion, I h e 
nu'tliod adopted 
consisting i n 
t a p e^i i n g tin* 
jjiston above tin* 
gudg(*on pin and 
in a L 1 n g the 
s in a 1 1 (* s t dia- 
iiK'ter l(*ss tlian 
at ot the evlinder h\ three-thous.mdths id an niHi 
r inch of c\ hnder diann'ter. • 

In h ig. 0 is illustialed a- llat-toppeil piston ol dia- 
*ter inclu‘s. Tin* head is [ inch thick, the sidt* 
ills above the gudgeon pin inch, and hi'low 
c pin the walls ta])er to incii. In J’lg. 11 the 
itons are shown with a domed top. 

For the sake of liglitness and inort* partic^darlv 
■ use on lucing cars. hol(*s are diilh*d around the 
ver part or shirt of the piston and two rings only 
ly be used, ft is, liowe\^*r,*cust()i^iar\ to lit three 
foui’ ri«gi?. * 

The I’iiigs are sitiuAed above the gudgeon pin as a 
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rule, hut t)v; lowfisff one js, sometimes j)lad^3 af thft^ 
hotfcojn of the'skirt, xjihicuri is ma(l(;j\)f* greater thick- 
ness that the Mec(*ssai'\ groove* can he tifriifjd in it 
In order that I’ings shall jiress evenly on the 
cylinder waJlfi, Uh'v an* turned eccentricali) out of 
east-ii'fit» hollow cylinders, and about , inch large; 
a diagonal cul or slot is ih^-n made to give inch 
^)lay. 

WIh'Ii asseinhling. care sliould he taken to see that 
these* cuts oj' shjts are not m one line or else leakag(! 
past till* rings will take place. The leakage will he 
of two kinds, in the lirst place gas will jiass down 
W’ilh a los^ 111 comprt'ssion and powa'r, and s(*condl\ 
luhncating oil will In* dra,wn up on thi* suction stroke 
and carhov d<‘j)Osits ijuickK apjiear on the ])iston 
and head ol the e\linder. Tlu'si* firpnsits are not 
such good heat conduelors as the metal jiiston, so 
that the leinperature n higher on a dirt} ])iston 
than It IS on a clean one It the t(*mperatnre is 
suflicieiitl}' high, the eom])resM‘d chaige may 
h^come Ignited before th. sjiark occurs at the plug, 
d^liis pre Ignition, oiaairring as it doi's hefori* the 
])iston ri'aclfcs the top of tin* e,ompression stroke, 
ma\ result in a broken connecting rod and a tv is^ed 
crank shaft. 

Two internal hosst‘s are formed on th jiiston, one 
of whiidi IS >,how'n in setaion in Fig. j!" TheflSo 
are il^'illed to take the hollow’ case-hardened steel 
gudgeon pin. tipon which the small end of the con- 
iK'cting rod swings. 

Tlu* gudgeor^ jiin h'asiii ii‘ndency to rotate and to*, 
endwise moveme/it wdiich is overcome ifi a*>variety of 
W'a 5 ’s. In oRjt'^construction ihe'hosst's are tapped and 



idirftin^ the heat, stren^t|jenin^ tlie (^le/id, and for 
Electing and dijf^^cting liihuicatiiig oil to the gudj|t^on 
in. • * • 

Under workVig condition*, the teiAperalure ilie 
']) ol the ])iston is higher than that ftf the Hottoin 

and ali«j than 
that of tlu' cy- 
linder \\alls; it^ 
IS thci’eloi'e ne- 
cessary to pro- 
\ ule tor unequal 
( xpansion, t h e 
nu'tliod adopted 
consisting i n 
t a p e^i i n g tin* 
jjiston above tin* 
gudg(*on pin and 
in a L 1 n g the 
s in a 1 1 (* s t dia- 
iiK'ter l(*ss tlian 
at ot the evlinder h\ three-thous.mdths id an niHi 
r inch of c\ linder diann'ter. • 

In h ig. 0 is illustialed a- llat-ioppeil jiision o) dia- 
*ter inclu‘s. Tin* head is [ inch thick, the sidt* 
ills above the gudgeon pin inch, and hi'low 
c pin the walls ta])er to incii. In J’lg. 11 the 
itons are shown with a domed top. 

For the sake of liglitness and inort* partic^darlv 
■ use on lucing cars. hol(*s are diilh*d around the 
ver part or shirt of the piston and two rings only 
ly be used, ft is, liowe\^*r,*cust()i^iar\ to lit three 
foui’ ri«gi?. * 

The I’iiigs are sitiuAed above the gudgeon pin as a 
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set-scrows ar<» used.^'in another form the piims ta^yircd 
an^ driven ir\to the j^ossvs whichj'h;vve hecin corre- 
sj)ondingl y reainer(‘d out. A' cheap and ef'ihctive way 
consists in so plaein^^ one of the jnstdn l iiif^s that it 
l)asses'' around th(‘ (‘iids of the pin. fr) one other 
nietlio(i,«a taj)ered ])in is scr(;wed into and expands 
the split ends of the pin. 

^ (•onnccItHfj 1{o(h. — These an* stain pi n^^s of 
H torni in eross-section, as this enables the weight 
and cost of jnanufacture to be kept low. The round 
rods of standaid steam-en^dne juactice have the ad- 
vantage in that t}ie\ may be drilled with a central 
longitudinal hob* tojirovidi* a jiassage for lubricating 
oil where forced I'etHl lubricating \vstems are em- 
jiloyed. \ very usual hum of rod is shown in jiart 
sectional plan and elevation in l*dg. 7. tlu* small end 
A having a gun-metal bush Jl which is jiinned to 
prev('nt it turn mg with the gudgeon pin. The big 
end has a caji 1) so that it can be (rou])led to the 
crank jiin ; and pi-ovisiim is made lor easy adjust- 
ment and i-ef)air of tlu* brasses K. The brasses are 
Imed with W'hite metal, and in general tlu; lemai'ks 
made on ])age 17 in connexion with main bearings 
hold true foi' the big end. (.‘onstructionalh , the 
lengtli of the connecting rod demands considei'ation 
only from th(* ])oint of view of the b ight of the 
compU'ted t*ngine ; but tin* effect produced*ljy using 
dillerynt lengths, as considered from the jioini of 
view of the mechanics of the problem, is not so 
simple. In ordinary practice the length of the rod 
runs to about time^ tFVe length of the stroke. 

Owdng to the disposition of the heafings so that 
the centres €'f'the gudgeon pin and crank pin are not ' 



^dirftin^»the heat, stren^t|jeniiiff tlie and for 
Electing and ii/^^cting luh»icaliing oil to the gudj|t^on 
in. 

Under working condition*, the teiAperalure ilie 
'}) of the ])iston is higher than that ftf the Hottoin 

and ali^M than 
tliat of iIh' cy- 
linder \\alls; it^ 
IS ihei’eloi'e ne- 
cessary to pro- 
\ kle tor nnequa] 

< xpansioji, I h e 
nn'tliod adopted 
consisting i n 
t a p e^} i n g tin* 
])iston al)ove tin* 
gudgt*on pin and 
in a L 1 n g the 
s ni a 1 1 (* s t dia- 
iiK'ter l(*ss tlian 
at of the c\linder h\ thiee-tlious.indth^ id an inHi 
r inch of c\lind(‘r diann'ter. 

In Idg. 0 is illustialed a llat-toppefl fision o) di;i- 
‘ter d.J inch(‘s. Tin* head is [ inch thick, the sidt* 
ills above tin* gudg»*on pin inch, and hi'low 
[' pin the walls ta]H*r to incli. In J'dg. 11 the 
itons are shown wdlh a domed top. 

For the sake ol liglitness and niort* partic^darlv 
• use on racing cars, hol(*s are dulled around the 
ver part or skirl of the piston and two rings only 
ly be used. It is, liowe\^*r,*custoi^iar\ to lit three 
foui’ ri«gi?. * 

The I’ings are situateu ai)ove the gudgeon pm as a 
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is secured ttjreto ^ither ity a^ange and Iwits 9 ;S iii 
Fig.^11 or the end is tapeifid and a key used. 

Thtf "Shaft is forn^efl fronuthe sf)lid, th*; journals 
and the pins being aftcuriUol y gboiind losl/e ; the pins 
and w^hs may f)e drilled witli holes i'oi' the passage 
of lubricating oil. Chrome vanadium steel in \vhieh 
there i^ 1 per cent of chiomiiim, 0“2 j)er cent of 
vanadium, and 0-2o per c#nt of cajl)on, or nickel 
sftjel in which there is 3 ij per cent of nickel and 
0’3 per cent of carbon, aie the st(‘ek most conmioniy 
used [or craiA sliafts. 

With singb' tlirow crank shafts for single cylinders, 
wcdglits are attached to that jiart of the web remote 
from the pin in ordei' to balance the n*ciproeating 
jiarts. Balancing is aCo (•nj})loyt‘d in iwo throw 
crank shafts and not >nfre(pjentl\ the webs take the 
form of circular disks. 

Wlien designing tht' main Ix'aringsand crank ]>ins. 
the [iroduct of tin* dianx'ter h\ tin* lengtli multiplied 
by hO(l should he made e(pi.Ll to the maximum pres 
sure in lbs. the ])in or lieanng has to take. This pi’o- 
du^'t of length in dianietei n known as the jirojrcted 
ami,. The li'iigth of a h(‘aring is limited h\ tlie overall 
length of the engine and In the diameter of the shaft- 
ing iiec(‘ssarv to iransiniL the po\vt*r. the ealculati..n 
being com])Oiiiid«'d of these two factors In practice 
the value fur the diameter is (‘<pial to tl*8 oyios the 
length. Tlie hearing nearest to the tly wheel is usually 
made Imiger than the oiluM's owing to the extra stress 
put upon it by the varying ellbrt of the tly-wheel. 
The size of the crank shatWan be determined by con- 
sidering each paR as a beam subjected, tn (‘onddiied 
bending and twistitig. 
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When,, the axis of ilie sliaft not y. the vji’tical 
plane containing the centre lines of the cylinders, it 
is said to he “o!l[st‘t’ o’ '"dcstur The side'thrust, 
during the exjdosion strok of th(' jnston on th(^ 
cylinder wall is much less in this arrangement than 
in tlu' ordinary ar 'angemont, which one can jirove 
when doing the exi'rcises at the end of ChaptcJ' IV. 

Flih(i'fi(‘('ls . — The tly'\\h(‘(‘l is primal il\ used to 
ri'iider unifoim and slnady the rale of ie\olnlion 'of 
the rotating sluift ; it stores up <'neig\ during the ex- 
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plosion sti oke and yields If up dm ing the <;lhei iliree 
strokes. The casl-iion nm is couueeted 1)\ arms or 
jMi amnlar disk with the ho-s oi nave, and nia\ loim 
part of or carry the clutch. In smne eases smtalile 
varies thereon act as jiuiiijis ui Ians lu d.aw air 
through the radiator. 

Starllwj Ilanilla and., .[itpaial ns . — The initial 
movement of the crank shaft whicii drives the valve 
and ignition-gearingdias to he (‘ffected hysoiiu* extm nal 
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in w^iiclji^the handle is su^iported in a acket bolted 
to the front of f.he crank wise. Similar inclined sur- 
faces on the handle and 'crank slvift are normally kept 
out of enj'a^'efnent by a spving.' , T^o start up, the 
handle is pressed forward until these jurface^iengage 
and then revolved. ** In Fig. 11 tin; construction is 
somewhat dilferent, an inclined slot on the handle* 
co-acting with a pin through the shaft. 

Latterly, power plant has been iist‘d as a starting 
appai'atus, comprising spring-inotois or electro- 
motors coupled to the crank shaft. Lo'm pressed ail' 
or acetylem*, with suitable disti’ibutors to the cylin- 
ders, is also used, and in this case the pow<*r is 
applied to the pistons. 

Complete - When the variouf. parts just 

referred to are asst‘ml)h*d, the completed (‘iigim* aj)- 
pears as in the elevation given in Fig. 11, One 
pair of cylinders is shown in ontsidt* elevation with 
the exhaust and inl(‘t ]>iping in j/iace. A section 
through the cylinder ])iston, etc., and through om* 
valve chamber is also given. Some of llie featiiyes 
have aheady bt*en pointed out, and others will be 
referred to in more detail as the points come up for 
consideration. 



CHAPTER III. 

I’UOl’KliTlES OK GAMES. 

Thk im'ssiu'c, vohim*', and toinperatuic of a pven 
mass of f^aii aro de])0!idont tipon oaoh other, the 
relationship ))et\veen these jjroperties heinj^^ express* 
ihle niathematicallx. Suppose a ^uven mass of gas 



to liavt* a constant temperature, then it is known 
that expansion or contraction of the gas is accom- 
panied hv a fall or ^is(^ in pressure obeying the 
law, known as Boyle’s Haw. P. V == K# wjiere P is* 
the pressure and V" is the voliuwe at anT one instant. 

( 21 ) 
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The Jiill^^curvo, V2, nepresegts gr^iy)hically the 
chcinf((‘S in ])resKni’e and 'volume of a f^as obepng 
this law, the ^n-ajth bein^ called‘{\|i [sotln'rnial Ourve. 

Consider t‘ni point A wlx'rc; t'ne ])i‘essur(‘ e<pialH 
00 and tiie volume (‘(jiuds 1, the ])roduet (*(]?.}ils 00. 
It will then lu' foiml that at anoth(‘r ]»oin(, say B, 
the })mduet will alst) be 00 — actually the jiressure is 
to atid the voliiine is tv Similarly iVu' any other 
})oints on the curve. 

Sii])]iose that instead ol the tempera,! ure remain- 
ing eouManl th(* total <pi!intit\ of heat in a ^;iv(‘n 
?nass of ^^as is eoti'^tant. then tie* prt'ssure and volume 
follow th(‘ Adia,baii(' Baw, I*. V' whei'e n 1-|. 
Th(' dotted line shows tin- connexion between 
pressui'e and volume inuba ihest' conditions foi’ a 
gas which has a \ohnn«- d wlien the pressine is dO. 

(!hanges m \ohnne cons«Mpirnl upon changes in 
tem])erature, th*’ piessure being coiisianl. follow the 
law. known as Cliailes* Baw, \,^ \„ (1 +«//), 

W’heri' is the volume a! lempnatine /" and V,, at 
tennierauire (V. d’he eoeflieient u ecpials , ,1 , /u' 
„1. for the l ahrenh'-il and Cciitigiade se,ales ,pf 
ti'inperature nieasurem»-nls resprcli\t‘ly, hence 
(I -f »// 1 - - n -f- j I . / ) or (I -f- , 1 . / ) 

, Ibl -t / , , 27d -f / 

' ii;i ■ ' 27d 

and the,vahu--> ‘J7d \ / or H»1 1 / d' an* said to be 
Absolutr- Tem]n‘ral ures. 

When onl\ the mass of the g<i.s is eonsiant tSic pre- 
ceding laws arc* combined into the form 

A faiilv i^atisfactory apjiroximalfon to the actual 
conditions ex»:sting or the* (‘xplosion and compression 



VHOl’KKTJKS GA’fiEK 


23 


strokes is (-K^ircssc;^ by t[io (fjuation P. K, 

K a constant. 

AbVve the {)istonJ,}1ere is always fi certain Fimount 
of free s})ace, Uie^lniinaiiim value oi Vhich occurs 
wben craijk is at its innr*r dead centic. This 
volume is known as the doamnco. or C07n])re.ssii)n 
ndimic. Wlien ihe crank is at its outer dead centre, 
the s])ac.e is of maximum \%lue and ecjuals the ci>m- 
jlrt'ssion voliiuK' ))lus the volume swept out by the 
piston. 


The rat it) 


Maxinutm \ olume. 


A, • VI the ratio of com- 

.M minium \ olume 

pression, the valiu' of whic-h is some.wh(‘re in the 

n'.CMon of •VOO. 


In a (iiii;ziam sliowin,^ the pressures in llu' cylinder 
of an eiiLiilte woikin^ on the tour-stroke cycle, 0/v 
and (.)]) set otf alon;^ th(‘ OX liimof PJ represent 
these minimum and maximum volumes just lad’errod 
to. II Ml repi'^scnts the stroke, as another way of 
sla,t!n,c ilie sane- c.is*-. tlum OA i^ the stioke eijuivaleiU 
of the l•onlp]'essiou xolume, that OA is e(|ual to ihe 
(■(jiiipi es-iion \oIume, dividtsl by tlu- eiosS-seetional 
area ot tie- cNlmdet. At tlii-^ staec it will lie as well 
to noti- that the ipiantil\ of a’.uA' jiei-formed b\ a 
machine is im'a'>ui*el b\ the proiiuct of the iOi'ce 
('xerted into the thst.iiice ihiou^h which the force 
is exi'ited. If we can ol»tain the a\era„e ^ni’ossure 
i*\(‘rted h\ the <‘xplo''ion ;^uiscs upon the piston, then 
l)\ niifitiplx in^ this av(‘rae(‘ force hy the length of tlu- 
sirokt* we get the work performed during the ex- 
jiiosion stroke. In a similar manner tlu- W’ork ah- 
s()ih(-d in corapPessing the gases can olilained hy 
finding the average prcshure d<iring Um' com])ression 
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strolfe and mu]ti])Jyin'g hx the l)Bnf>[th^or the stroke. 
The pressure of the ^as in the cylindei* during, the 
foul* strokes of tPle cych. may b^*. set out on a 'single 



diagram, as in Fig. V\. presumes being marked off 
parallel to the lino OV from^ tlje base line ()A, Such 
a diagrani ft; ^ known as iljc Thvordiral Indicator 
^ Diiiijrani^ anckin (lufXjasc shown the explosion prcjs- 


I'lr,. la. — TheoreUnal indicator dm in. 



PfiorERTTi^s ()F*>gaSj-:s 2§ 

* • 

sure Ifas bo^lakey as 27l) Ibf pei* squaro^inchiaii^ 
the {joinpreHsion at 85 lb. per square inch. 

To the eff'erkire pf^^snrc «livi*de the 

diagram into ten jirticf»l. divisions di equal width, 
draw tljtf t<'ii injddle oidinates (shown dotted), add 
together these' ordinates, ah, §d, rf, fjh, Ij, hi, 
mn, op, qr, hi, and divide liy U*n. The value so 
obtained reqiresents on lhe*pro])('r seah* the m(*an 
eftective pressure.'. hor all jiractical jiiiijioses, the 
pressures ('xistin^ on the exhaust and suction strokes 
may ))(' ne'gh^'ted. 



Fi(. 11. - I'lt'h^urf ilinf.'non for h(*fmnii( Htix'kfs. 


.^1 though one diagnun will do, yt‘t for tlu' sake of 
cluirness, and also for futuie use in connexion with 
ton]iit' diagiayis. ih<' juessiire grajih ol Fig. 15 may 
1)(‘ spread ovei the loui’ stiokes as in j’ig. 1 1. Tlie 
average piessure lor tlie ex])losion and eonijni'ssion 
strokes should tlum lie determined le, tl ' nu'lliod of 
njid-ordinales as above. \\ lu'ii the avei com- 
pression ]»ressiire is subtiacted Irom the average ex- 
plosion* pressure, till' mean etfeetive jnessure, say 
P 11)., is obtained. 'Phe total pressure acting on the 
piston equals P. .\. in ^h^ch 

P is th(‘ fl.F.l’. ill lb. t)er squaa<'«inyh 
and A is thc^ projected aiea ert' the pi.'flon. 



Ma^X)l{»TAK J^IKCPIANBSM 


;2G 


Xht,' djstaiico throi\>(h ndiich jjiis f^KJo is exerted 
is oqtial lo ilu; length of stroke L feet. ’ , 

Hedeecthe \v(^i'k done ])er eVc^i* = P . A . L f6ot Ihs. 
Lot Pj he the -nuinher of exjolosions per miniit(\ 

Then the work done })erminnte ™ P . A . li . l')/ooi lbs. 


Tht‘ horse-power is th(‘i-efoi-e 


I’.A. Ji.E 
;i;iO()() 


il.l*. 


If a pliuiimeter is used to ohlain the an-a of the 



diagram f l’'ig. Id) wr gt‘i at once tlie vaiiK’ ol the 
ex])i'esyion P. A. L, care being taken to reineinher 
the scales to whicli the sfparate I'actois have been 
})lotted. 

/Vo/V*7ed Arm of I hr /'/.s/e/n — It is the area of a 
cir(;le of diameter •■(jual^ to tliat of llie c,^linder. 
Suppose, tlx^'f] I cad of tlie ])iston is c.onvex a.ud hemi- 
sph('rical, then the‘ jiressure is everywhere acting 
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normaWy oi* jo i\fe surface as mdic{j,tec^ 

by i^TOWM in tht^ section shown in Fig. 15. The 
problejn hefoix* us consists in 4in(]ing1:)ut whether we 
are justified in saving tliaK the total dowifward thi’ust 

on tlje *)isloii jV l‘ . A, A being -- • ^»ov con- 

side)’ ii, thin cirodai' ship A of width ir subtending 
Jin angh* T]u‘ lio) i/oniftl rcsijhitcs of tlie jires- 

suVf* on tins sh'i]) IrihuKio ono Jinothn, whilst the 
vi'i’ticjil hsolutos W cos 0 Jictmg on :in Jiiea . v: 
toljiJ up to H ('o< (i . 'lirr . tr . When projected on 
the eii’culjLi st'ction :i,l tlir hjist* of tin* liejid th<- strip 
under eonsi<j«‘)'ation has a width // ' - //• . cos 0, and 
a direct prc‘>^ui’f th»’H-on would equal V . 27rr . ?/*’ = 
1‘ . l^TT/’ ir . eos fi Now this is the sum of the verti- 
cal resolules of the foiees on the sti’ip A just con- 
sidenal. The sinninalion ol ih** whole of the re- 
solutes is 1 leu eim-e eipial to P. (The sum of 
tlu' aieas ol ;ill*NUch ciiculjy sliips as the one of 
^width II") P.iarea ot tin- eiicle ot I’adius OB) 

P A. I'A'M the hejid IS irregular, as 

with pistons jN.al on sutiu' two-stroke engiiu's, the 
same iiotiLhon holds good. 

histejid ol theon/uig as to the pnssuies in the 
twhiider, an indiealoi mas he used v, lic'' automatic- 
iilly }))ots the actual pressures. 

fn th'- older (oinis. thi' diagram is maiked fsi a 
card })ffu*ed on a diuin which is mavle to rotate in 
accordiince with the hman movement of tlu> piston. 
At the siime time a p^intci moves v<'itic.all\ cone 
sponding to a n^e or fall of pressure iiw ^le^ c\ hnder. 
Th(‘ indicator js screwed inlti <he cylmder wherein 
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^the^gases ciin act oh a femall giston^which tiirough 
linkwork actuates the pointer. Indicators o{ this 
kind haAic not *J^roved• very stitisfactory for wfte with 
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fHjtrol engines, and have lieen replaced 1)\ others iio 
volving optical }>rinciplcs. 

Such an indicator is the liopkinson, shown partly 
in section in Fig. !(>. The ^lock A is screwed into 
the ordinary’ indicator hole of the engine. A frame 
B fits over Uiis })lo(»k, sullicient clearance being left 
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to pro^^de for-'^jiiequjl expaisio^f. It is held up by 
sprii^ into engagement witn the lower face of a nut 
C, a b|M race being pj^vidod# Thft»?raiii(i is* posi- 
tively connected by^finkagci-to a I’ociprocftting ])art of 
the engirte and^is thus oscillat<;d about the axis of 
the block A. The piston F slidi^s in a hore in the 
block A and at the top is provided with a hook G 
M'hich r(‘sts on a spring J) ^>nsisting of a llat strip 
of ‘steel. The mirror 11 is clam))ed to a steel sjiindle 
I and is moved liy the spring I) through an inter- 
mediate sprin^^ K, The mirror is thus turned about 
the axis of tlu^ sjiindhi I l)y an amount proportional to 
the pressure in the cylinder. .V beam of light fall- 
ing on the miri’or when reflectinl thus ree-eivis the 
two movements nee.es^ar\ foi ])roducing a diagram. 
When th(‘ luniin falls on a piece of ))hotographing 
pajier a ptn'inam'Ut diagram is olitaineil. 

The M.^hl^ obtained from an indicatoi' diagram 
of this charactfu', when used in tin* foimula 

•H.P ^ • A . L . L what is called the Indi- 

T-UKK) 

cat^jd Horse- l\)Wer, or l.H P 
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BRAKE HOUSE POWER, DYNAMOMETERS. EMITRIORT 
FORMn.A FOR HORSE POWER, AND MECHANICS 
PROBLEMS. 


The woi’k done in ovei'coniin^MVietion of the niovin*^ 
parts of an engine when suhliaered froin tlu' l.H.l*. 
gives tht‘ iis(‘ful work wliieli can i)e ohtaiiied from 
the erank shaft. Thiswoik i'^direet!\ niea-Niii ahlr hy 
means of an instiuinont or piee.r of appaialus called 
a dynanioiiieiei'. As mosi ot thesf m*! on thejain- 
ciple ol ahsoi-hing the output h\ a hi.ilM'.'lhe liselul 
pow'er is referied to as liii* Ihakt • 1 loisr- iViwei, oi 
brielly the ikll.T. 


The Iraction 


ikii.r. 

I.H.P. 


tj . 1^1 ves a value foi *lhe 


mecfianical etheiene\ ol the eneino, a \aliif winch 
a))]jroxiinate» to (PSd 

Fig. 17 shows a yen sini))le lorm ol hra.kt' or 
al)Sorptioii dNnamometer sintahlc loi- us/- on sniall- 
powereil engin<‘. For high )»owias, tie* rnrthod of 
a])])lying the external hiaking toice injuirfs some 
modilicalion, and the brake hhx-ksoi inn ot tht* pulley 
to which the brakes are applied are made hollow so 
that water may be snp])lie(l^ to ta,ke up the excess 
heat that i,s^not radiahaf by Uk‘ * a])})aratus ilst'lf. 
Returning to#the sim^jle form, it will be observial that 
(30) 
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the bnake l)lojks Jire carri|(l \fi a rope; to the ends 
of which arc a])pli(id two forces, P Ih. and^V Ih. in 
the sltfcpe of a spnii^^*l)alanc4; and% W(d^^l3t j^iSpec- 
tively. Sn})])Ose thf* di^mieter of thf^ f>ull(‘y to be 
D feet the j'opo is so thick that its centre is some 
distance fioin the rim then tlu; di^itance 1 ) should he 
measineirfrom A to B), and assume also that tin.* 
number of levoliilions is N ^)er minute. 



I'll.. 17. VIkdi jiiioM <1\ iKiuiiiinelei. 

rni .] n 1) TT . I > , N . ( \V P) 

1 hen th(' B.l 1.1. - , sin^e a 

dddOO 

ioi'ce (\V B) IS overcomnui trie' ion and act'- 
tljrou}j;li a distance t:.!) N leet ]»ei min 

A hand) hum ol .\hsorption 1 >\ namonu ter > he 
Walker#!’ an t\pe, consisting ol two aim-- ada]Ued to 
he clamped to the ])o\\t‘r shaft and to which blades 
are tixeil at predetermined distances from tin* centre 
of the shaft. power Is a-hsorhed iy |>vi'rcoming 

the resistance of the aii to th(‘ 4>iotion #f the blades 
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aa they are rotated Isy tbi shaft. Th(!, apparatus is 
califiratecl or marked so lhat the can he read 

off at once. 

« 

At woi'ks^jestinj^ a lar^ejiumher of en^int‘s every 
week, each eii^iiu* is coupled to an'electi’iu machine 
the power of whicji is measured and I'ecortled on a 
time sheet. Ily multiply in/^^ this ijower lA the effi' 
ci(‘ncy of the inachim*, i^ay !).S jmm- cent, lh(‘ pow(‘r 
of the en^une unller test is ol)tain(‘d. • 

Owin^^ to lluctuations in tin* position of tlie r(‘- 
cordin^ h'vei- or l)eam ot light, tin* Torsion Mehn* 
now so ('xt(‘nsively usimI on steam migities cannot he 
applied to 'inti'nial cumhustion engines with a 
reasonahle chaiUM' ol getting an accurate or delicate 
reading. 

Kiiijitncal l'\>nnttln\ 'Idie horse pow^i' can also he 
obtained from empiiieal I'oiinuhe based on ))revious 
(^xpt'i'iments on olh<‘r (uigines 'I'he l’oi-mula adopted 
by th(* Royal Vuiomohde Club and* the Treasury for 
taxation puiposes is: II. I’. -- O’l.f/'. .\. N being 
the number of c\hn(h‘rs, and d tlie dianiider of the 
cylinders in inches. This also ine-liides ilie assunij)- 
tion that the numhei of r<*volutions are 1000 per 
minute, and lhat the mean elTeclivt* piessure is 07 Ih. 
per scjuai’t* inch. Although not includtal ni the 
formula, the stroke should h(‘ a factor, (special l\ 
wh(jre , modern long stroke engiius are conc(‘rnta]. 
Lanchester has modilied the K.A.(\ formula to 
include, stroke, the efpiation taking tilt; form 
H.P. -- h . . S ''' . N. In passing, it should he 

noted that tlie equation is of the second order, as all 
* formului mpsjt he in order lo represc^it ILP. correctly. 

Forces AoJiny (nit, the I^iston Due to Acceleration 
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of fha Iieci>pr7)rahufj Parti. — Wheji ostimating the 
of the recipmcatirig parti^^Pmlf the weight 
of the eormeciing rodT which has a i)art^ ifici]jrocating 
and j3artj’otiirv motion, is added tothfi weight of the 
piston atid its fittings wliicti have^a j)ui-e I’eciprocat- 
ing inoticii. To find Ihe value of the acceleration 
lorces, two important law^s oi ineehanics are used. 

jl] WIk'U a body of weight ir is moved with an 
acceleration J tlie forct* ie(juired to effect this is 



(2) When a |)oint moves with uniform v(‘locity v 



feet per Sf'cond inaeiieleoj ,:idiiis r hrt its radial 

aceeleralion is U ,1 jier second. Now at the two 

dead jioints, A, i\ on the crank jiin circle set c\it 
in 1 ig. J8, the connecting rod may he considered 
IS swinging aliout the gudgeon pin as ct Hie, .so 
hat the crank pm has a momentary movome jt 
n two critics. In consequence, and in accordance 
Aith laiw above, ii has an acceleration at A of 
. r- r~\ I 

> r / / ^ r ~ ;/ ayd^at B an acceleration of 
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or tlu* comiec.tin^ rod to the radius of the 
crank cii'Cic. At th(‘ (iead points these accelera- 
tions are' also the value of the, acceleration of the 
piston. Wh('n the' coniu'Ctin;^' rod and crank are at 
air^^h's, the ])iston Ix'ing a distance' A(I from its 
iniu'i' ee'ntrt' A, the acceleration is of no vrlui'. 

If we use Law 1 ahoye toohtain th(' total jiressure 
and then wt' dnuh' thi' jiressuri' hy tlu' ariia of the 
piston, a stroke })re>su re diaj^rain, i'i^e 19, can be 



drawn as follow^ At \ make AM to rejiresi'm. on 
a proper scale the acceleration force 



at the inner dead centre, and at !> make ItX to rr* 

pres('nt the force ^ ( 1 -I S ^ i • ^I'lci' the 
ij r w i 

forces are ojipositely <lirected HX will have to Ik* 
below the line A 15 if AM is ahovi'. lii^t C he the 
fiosition of the piston when the rod and crank are 
at ri^ht an^/les. A circuiar arc throneh MCN com- 
pletes the diaj^rain, 

Correction of the Indicator l/iMjram . — Whilst 
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the jiTston fVon! A’^to C the ti«eelemtioii 

forcifjs ai'o opposin^^ tht* pressure.^ ^^xeiled by the 
f(ases*fir]d flurin;^ })art of*th(! stroke^ from V' to 
they act with th(! •^^as pr(^sur(i. If, tHt.'refore, the ac- 
celeration flia^^i^am is Kiiperim})ose(l on ttu; inricatoi’ 
dia^^ram the resiiltaiit pressure^ oil the piston may he 
obtained. 

\V (‘ are now in a jiosition to oUain a Totij^ir or 
l*ranlc Kj'jurt Diafjram. Jjct th(‘ connecting rod 
NC, Fig. iiO, 1 )e an angle to the line of centres 


o 



NO, F being the pressure on the jiislon, S the 
])ressiire along t^ie rod, and Q the tangential force 
^at the crank pm. Produce the rod to meta OF in 
l.^and witli centie N nidius NO swing an arc to 
ciii Al^ in ( ■. Then \(' gives the distance of the 
piston from ^he end of its stroke, and OT repre- 
sents y on tl.e scale that {){' rejm-sents P. 

kor those mathematicall\ inclined, the jiroof of the 
above is iis follows ; S . cos </> --- V and S cos Q, 

b(‘nc(‘ ^ ^ ^ 

y cos a sin T(X) OT' 

Uavffig thus obtained the tangential force y on 
the crank jiin for any po.sition 0^ of the piston in 
relation to the resultayl jiressure P on the piston 
which is obtainable from the correctc^I .indicator* 
diagram, the torque is ohiaine<f by multiplying the 
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force •Q by^lhe a»rn OC| of ^'the lever, if.e. by 
constant. 

the torqu(% is plotted on a“jtroke” base 
the cojn})b*te diagram Toi- the four* sti'okes for a 
single iA’liiideii will ajiproxiniate to that she .vn in 
J^'ig. 21. Koi' two 01 - four or six cylinders a corre- 
sponding nimiher of such diagrams ar<j ])lotted to 
thti sam(‘ base atul a <*,onip()und «ui ve diawn, dia; 
aflowanee being made fm the lact that the explosion 
strokes are not c()incid<Mit loj‘ the various cylinders. 

The meal? torcjue should b(^ obtained by the* 
metliod of middle ordinates. When plotted it cuts 
the curve at P and S, the shaded area PKS being 
the (*n(‘]gy stored in the ll\'wli(‘ei dining the ex- 
plosion, diMluetion, I* and S me jiositions of 
minimum and maximum speeds respi'Ctivelx . Tin* 
dot and dash line represents tin* speed ein ve for the 
cycle. 

Knennj Sinrvtt hi the Fltj- irhvA. Let M, in, and 

hi* the maximum, minimum and mean revolutions 
of pie ll\-\Nhe<‘i pel' mi” :te. Also assume tht; 
moment of inertia ol the H\-wh(‘el to be I. 

1 ■ 2r ' ‘ 

Th{*n ^ ( "• I (M“ - in') ~ : of tin* t*neigv of a 


cycle 

Ff 


= ari^a PKS. 

M - //i . ^ ^ 

== a constant 


known as i,,” (’oefti- 


cient of Muctualion of Sjieed. then the expression 
(M“ ~ 7i~) = (]\r - in) (M -f m) = A’ . N (i\I + m) 
= 2 . . N-'. 


As a matter of inti'reiit if torque is the product of 
a tangential force* by the (tistance frouF 4hu axis at 
which it is acting, then by mu]?iplying*the average 
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torque by* Stt we tiie vvorK aone pji revofutioii. 
If T is th(i inefvu tonjue in 11). feet, then work, per 
revolution e(ju:ils : T toot. lb. iiiul 
2t.T.« *’ ‘ ■ 

;^ 3 () 0 {) ■ 

Exercist*. — Psin^ the pretjedin^^ pjiiiij.irtipiis as a 
i^uide, draw .an irulieatoi <ha^Marn su(di a.s would 
nonnal]} he obtained from :i sin'^ie e\ limler jietiol 
eii^ini* workiu^^ on the four stroke e\ele. Let tiie 
eoin])ression am! maximum pressures he So and liTU 
Ih. ])er scptare im?h resprc.tively. I''iorn this detei'- 
mine the craidv eflbit dia^iam, assumin;^ the dia- 
meter of (he cylinder to h(‘ 4 inches, the stioKt* o 
inelu's, ami leni^thol connectin’^ lod 10 inches, I’lie 
weight i)f the ]tiston ami half the weight of ihr con 
nectin^ lod (apials .V, Ih. k'lnd the ratio ol llu' 
maximum tor(pie to the mean toKjue Show how 
you would determine the (mei^(\ it is leau-ssais to 
stort' in the fl\ -wheel when the coe'ilicienl ol (luctua- 
tion oi speed is -"i per c.ent. I’se ^eneial teiins loi 
such data as is necessaiy hut not supplied with 
sjiecific Y.ilues above. 

,Vs a further exeicisi* the student should obtain 
the maximum side thrust of the piston on the 
cviindei walls in the two cases (1} of an ordinary 
(iii^im;, and 1 2) with the desax/* arran'^eanent. Simi- 
larly tflu* loKpie should be plotted and compared, 
the case of a 4-inch x b-inch eii’^me hmn^ used, 
w'ith and without an offset of j inch, (lomjrare also 
the torque of two 4-inch diameter engines A . H wuth 
b- and 7- inch strokes respe«livel\ 



v. 

VALVES ('ONSTIil ( TlON. \ ItL XNdLM FAT, AND 
A< I'rA’ilON. . 

• 

Thk adimssioti and nxliaii'^t of ilu* to and from 

the cvlind(M’ yt anon^^mc operating on th(i toiir-suoke 
eychi are conli oiled hv \ .lives. Tj) to <juiD‘ recetitly 
only one kind of \alve was u>(‘(l h\ maniifaclnrers, 
vi/.. the pojipet or ninshroom, hut now other type^i 
hav(‘ l)(3en taken Uj) ai'en extensive ti'iaU and niiich 
dij>tcussion.* l-'or practical jmrposjs live lu'.uU are I’e- 
ipiired in classifMiie the l>pes as follows - 
1 . Poj)p(‘t 01 niuslnooin. 
li, Sh^we. • 
d. Uotar\ jiiston oi pine. 

4. Shdine" fii^ton. 

V). Rotarv disk 

Poppet la/t’f'v. These liav<' the lorin shown in 
dli, heii*t constructed ol steel, nickel st<‘el, or 
])ure nickel, 'rin* conic.il face is designed to ei.^^a^e 
a corresponding^ seating in the cyl uU" easting, the 
width ot liearing surface being about 'nr'h. The 
exhaust valve is subjected to very higli tei.ipe’ .'.t.ires, 
wdiich/iiiay n^sult in warping and in loss of erticu‘ncy. 
In this case also the head nia.\ become corroded and 
appears to he eattm away, a trouble known as “ pit- 
ting”. With f he heftcF steels rK>w jianployeil tint 
does not occur so (juieklv. Jtt one jinie cast-iron 



40 


•mO'I'ok ,cah mechanism 


heads fixed on stdel pteuis had a voguq. as it 

was fcfiind cast iron was 
better than stefd in r, aspect 
to coi‘i/)sion. The Mower 
|)art of the stein, is case- 
haidenod, ‘At thehiottoni 
of th(‘ stem V, m slot is 
in:i<Ie through which jiasses 
a cotter !>, adajilod to Iiold 
a collar (’. The lower end 
of the valve spring rests on 
this collar whilst the u)»per 
end takes against the cy- 
linder easting. Th<'S(‘ 
springs which ti*nd to 
keep the valve'on its s(‘at 
are arranged to exert a 

pr(‘ssine of alxmt oO Ih. 
wlnni at tnll length and 

HO Ih. when eoinpiessed. 
Th(‘ ease w'lth which the 
gases ina\ )))iss the valves 
wlnai 0})en de[)ends on the 
diainetfi- and the lift. In 

''‘'V- tl.(. cas,. of Ifio •■xliausl 

valve it is found that the gr(‘ater thi' fliainetin' thf^ 
greater the liahility to warjnng; wheieas if the 
available passage is obtann.-d by increasing the lift 
then an increased chatt<*ring and noise resnlN. Jt 
is cusloniary to make the lift ecpia) to onediftli 

of the diameter, and to make the diameter of the 
ntem (‘cpial to one-(jnaiter< ol*^ the suallest diameter 
of tlie val've seal. 






valves on tlx* cylinder are sliown at A, 13^ p, E, F, 
in Fig. 23, the jj^rliciilar one ado^>t(Hl in ?l given case 
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being a compromise among the follo\ving features : 
(1) The* number of joints to be made, (i^) The 
faculties for f?rlncling, the Heatings.' (3) l)est 

possible coM()Ustion, (i). I'^ase in clearing the ex- 
haust. fo) 41ie an‘ang«‘ment oi gas jvid water 
piping, (b) The position of tlie sparking ]>lug. (7) 
The oveiall hsigth of tlu* cylinder. (H) The use ol 
two or one camshafts. (9) W liethei' rockers oj' 
dii’eet la})})t‘ls ar(' (Miijiloved. ilO) The ii‘(piired 
compression. The arrangeinenL shown at M is the 
most exlensivel) used, tlu‘ cn hnder Jieing said to 
have a T-head. k'or commercial vehicles, the T- 
head, shown at F, is much used 

When the camshaft is or canishatls are situated 
alongside the haM* of e\lindet, the valves are actu- 
ated h\ cams ami tap])ets, or hy ove/head lajipets 
and rocker aims; and when the shaft is carried on 
lop of the cylinder, the cams act dir(*(*l or through 
rocker arms. *> 

The cams may be formed integral with the shalt 
which is th«' more usual construction, oi made s(‘par- 
atelv ; and in this case the cams are keyed to sfiatts 
of circular cross-st‘ction, or machined to slidi' on 
.shafts which aie squared oi tinted. When the 
integral form is not used, it is possible to pro 
vide (or an end-wise movmnent ol the cam which 
is so constructed that it gives a variable lift to the 
valve. 

(.'u 7 /t.v.— The valves are ajiproximately ope^n during 
one-half of an engine revolution tlMU ) and closed 
during Ihree-halvt's (54(1 ), and sinct‘ the camshaft is 
* driven at ha^lf the speed 6f the miljii shaft it follows 
that the cam has W act on the valve to open it over 



VALVKS: ('ONWin'CTK^' A^f) A(!V^rATI^)^’ 

a })erio(^ of on®-i^|uaite of a cain^liaft r(5Volution, that 
is apyroxiniiit'ely 90". 

Tho reiV'iTorl^to in tlic^ folio pat'agraphs 

aro main ci'ank an"1?^s. X faii‘ly aven^;^ ^(*lli^^ for 
the inlnt^^'alvc is ohlaiiind by opening it about 10 
lato, tliat isaftnr the ])iston b.is jnissed the inner dead 
centre and i-^ inoMii” down on its snction stroke, and 



closin^^ ii i!0 late. For the exbaiKt, the op(aiin^' 
occurs -U) early, that is whilst ibe latter part of the 
explosion stroke is bein'," performed and the closing 
alxml J*D late. From tlie tune the exhaust valve 
begins to ojieii until it closes the main crankshaft 
goes through an angle jof 40 + 1^0 + 10 --- -30, 
HO that the camsfiaft movers through an^angle of 115 • 
One method of st‘tting out a cam (lonsists in de- 
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scnbiiif,^ a circle M>r with centre 0 reproAent the 
root cirSle ol the cam. Draw radii ‘MO, so 
that .the angra'MON,^ 11 An ‘arc RRT^is then 
drawn with pentn^ 0 and radhis OR equal’ to OM 
plus an amouiiL RM (‘(pial to tl)(' niaxiu»um lift of 
the vajv(i as in F-’i^. Since the valvi* cannot he 
lilted and lowennl instantaiie.ously, theVool circle' 
must pass ‘ijrailuallx into the outer eiiele in the 


INNt R 
DEAD 
CENTRE 


iNCfT 

I'll.. — l)iii}.M'iUii of \j«l\c st4tin-'S, 

manner sliown, fiom which it will he noliced that 
the valve, is now open to its maximum e\tonl over 
an an^de (lOD, 

A graphic itqiresentation (»f the vaivi; settin;.;s with 
reference to the crank shaft can ho >^nven as in I'^i^. 
2o, in wliich the outer full crank-pin circl(‘%; cross* 
hatched to represent the openm;^ of the inlet valve 
and tFie inner dotted circle rej)resent th(‘ opening 
*of th(‘ exhaqj^. valve. Tlie dii'ection of motion of tin* 
crank pin is fepix'seifted hy an arrow. 
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SomeP nianiffacture^'R giv<’ the**ojjeninf,rs ^'ith j-e- 
feront^ to the 'diHtaoco tho jnston has travelled from 
its extrtjme ])ositioiis, yi wliich«aso th(» diagram ‘is as 
shown in Fig. 

Allhoi-igh ther^‘ is considerable difference in the 
times of o))ening and closing valves on different 
engines, tie* main c.onsijleration for the designers is 
to get as large a chioge into tin* cyliijder .ind to get 
as ihueh of the exhaii'.t gii'.es out lioin the cylinder 
during (‘ach evcl(‘ as possible. When the piston is 
at the bottom nr lop of ils stroke it is moving very 



slowJv. Ihnifing this m mmd w«‘ c.an understand 
why tlui inlet \,iihe, for example, is closcxl late. On 
the down stroke thi* gasfjs are drawn into the 
cylinder and acqime a momentum which alloxvs 
the,m to How into the c>lmdei twen wtum the piston 
has begun its i'(‘turn sirokts tluM’t‘ is tlieroi’oie a 
greater charge, than if the inlet valve had been shut 
at the (!f‘ad centre. The ratio of compression is 
somewhat altered in conse.(|iience, hut the final com- 
pression pressure is not^apjiri'ciahly altered because 
of the greater charge. 

Again, the early o]ieinng of the exhaftst does not 
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result iji loHK of as ap (*xa»^inatiort of the 

theoretical tonj^ue diaj^rain for th(* last part pf the 
pressure strokt* will show, wh^st the hi^4u‘i« })ressiir(' 
in the c\lm*l(‘r at the moment when ihv. valve is 
opened and the lonj^er time durin^'^ which* jt is open 
l(‘ad to a moH' comj>li‘te clearance of thi‘ exhaust and 
cooling of the cylindi'r. 

A slight altt;ration of tht‘ cams on w('Jl-known 
euf^ines lias been known to incn^ast* the nulea^a^'per 

eallon hv as much 
as •50 })er cent, 
the niellicienc} in 
tlu'se cases being 
due to using tim- 
ings, whi(;h al- 
thonjb exc(‘ll(‘nt in 
practuuOor iinother 
engine, aie not snit- 
ftbb* tor the engnu' 
with a ditlereiP 
mean spta d. 

Another })oiiit to 
remeinbei' is iliat 
in no case does the 
c,am act directlv on 
the val\e stem, an 
int(;rmediate Lap- 
pet being used. 
Th(‘ taj)fV.'t may 

carry a roller, it 
yi<.. 27. -Valve tHiMX'l mal j^unU-. ' , i i 

may be Kjihencal 

ended, it jiyay have a tl!lt end or*a second member 

is sometimes interposed between the cam and tap|)et. 
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These SiffereiTt^shapois of contacliiig surface all ^le- ^ 
mand difterent cam surfaces for corresj)on(ling valve 
moveni 4 ‘hts. 

A construction is given hi P^ig. 21 wh^-re the tappet 
A carriiAf? a njler IL The up])er ])arl car be 
adjusted a^s regards huigtli h\ the two nuts C, J), 
the part C which contacts with the valv(‘ stern Ireing 



cas('-hanlemHl. The guide is held i. the crank 
case 1'' liy dogs an<i i^ hollowi'd to n‘eei\v' it wt'ak 
spring whi(;h tends to keep the I'oller on the earn. 

A fil)r(‘ flad is sonit^tmu's let into the part (1 with the 
idea of minimizing noise. 

The form of cam wlyeh gives good service for a 
fast-running tnigine is shown in Fig. 2S» ^T^re dotted * 
circle represents the virtual base cii'ck^ of the cam, 
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.for thoiv is always sorat* olwirancft^* IxitwfH'ii the 
tappet and vo-1y<‘ «tein, and consequently soinf lost 
motion. ^Vilh' such Ti cam tht velocity of Vie inlet 
^^ases would he ajqn’oximalely constant. 

Since rh(‘ angular velocity of the crank can he 
taken as constant in a fonr-cvlind(M- ;*n^nne by. 
plotting the valve o])cnin^^s against th(‘ crank angles 
as in Fi^. :29, tlv‘ quantity of chan^^e will be ])ro}K)r- 
tional to the a,rea of the figure — the V(docity of the 
leases beiufT assumcxl constant. 

In the case of variable gas velocity, Ihe estimation 
of the velocity at a given instant is d(‘t(‘rmined by 
multi])lying the ])iston sjieed at that instant by th(* 



cross-sectional area of the c\ Under and dividing by 
the area of valve ojMunng. 

Th(-* cam shaft is driven oft the main shalt In gc'ar 
wIkh'Is, spur oi ladical, or by silent chain and sproi^ket 
g(!aring. In both cases, the liming can be iqisi^t by 
getting the wheels or s])rocket out of their corna-.t 
relationshi]), and attention to this point is very neces- 
sary when assembling. 

The timing is usually marked on the tly-w^eel and 
denotes the seititig of tht‘ valves of the lirst cylinder. 

As the valve sealings and, cam surfaces wear, the 
former shouh^ lx; trued up with a cutting tool set in 
a holder like^a hand drill, whilst the latter should be 
carefully ground hack to the correct Rhi\T)e. 



CHAPTER VI. 

VAIA'RS: SLKF.VK, KOTATIV 1*1, I’iSTOX, KOTAUY 
DISK, MAIN PISTON \CTINO AS A VALVE. 

In the days wUen })0}j|)(*t valves weie the only form 
in us(*, they vv(>re •^(‘neiallN noisy in action, con- 
sequently as more silent en^^ines \V(‘re deinunded, 
alternative kinds, as well as nn])io\ements on the 
existing kifid, were thought out h\ desi^mns. The 
main ilifliculfles to he coiitetided with in the new 
types were' tlujse of luhrication and iinevi'U expansion 
with its lack ol e.ts tightness - and iL will he seen 
that in must lorifls .uie-ntion ha'^ he<*ii diiecled to 
jiroper Nsatei coohn^L to is(;latm^' i)\e \alve from the 
dii'ect action of the Insi j„,ii ol the (‘xplosion. and 
to tin* keepine of tlm relative '^peed of the luhhing 
surlace.s as low as possible. 

Slci'rr -The piom'ei ol this r\j)e is Pc 

Knight, which was math' comniei cialh suece-ssfu) hy 
its adoption h) the Daimlei Comj)aii\. T osh^eves, 
A, B, with polls therein are »Mnplo\ed. The' piston le- 
ciprocates in the innei slee-ve, ami the ontei slet-Ve 
moves ii/ contact with the cAlinder wall C. as in- 
dicated in Fig. SO. The cAlinde-r has a detachable 
head II, and inlet and exiiaust ports hi and F re- 
spectively. The pJli tse, /, iiT tlie sleeve B,^are at the 
same level, whilst the ports d, d, in tln^ sleeve .A, 
( 411 ) . 4 
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ai’e at diilerent Ic'Vti-?. By cran.bs from 

which the sleeves an‘ opornlod at an an^^de of about 
70’, the ports , . /. d, (K can Ixynade to re^nster with 
each other 'ai,ul with th(‘ to lindt r ])orts ]\ l'\ so as to 
provide for tlie projua* control of the worUn'; tliiid. 
Grooves are formed on tin* sleeves tor liiljiicatioii 



Flo. lU).-- Slef\<- \nl\i‘ cri'.'iiic (KiUf-Jil). 
purposes. As usuallv desi^med ihe liavel of the 
sleeves is about of the piston stroke ; \hv wuitli 
of the ports is equal to \ th(i travel, tlu; thickness of 
the sleeves 3 to 4 mm., and the comjiression pres- 
sure is ahont «() lb. 

In the Argyll engine a single slefive is used which 
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forms ft cJoso^^tting Jinor to thS* cylinder. ^ A cr^nk^ 
A, 31, pinned to a lug at the bottom of the 
sleeve ftjid at right t^igles to«its axL*^ is driven by a 
rotating spur wheel* B \\iliich moves ifle sleeve in 



such a inunijor ihai any point on it has an elliptical 
motion ^nce (‘very two revolutions of the main 
crank shaft. The wlu‘t‘i rotates in a casing C 
which IS bolted to the uyjHu* lialt of the crank case 
I). The crank piti A slide* in and out il^ socket 
and is utilized to pump liihrieating oil* to the ad- 
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Jacent parts. The cylinder has -six })orts cut dn the 
wall of its conihustion chamber, of *which three 
communicate ^/ith tl'e in(liic^.ioii pipe aii/> three 
with the exhaust })ipe. Th»‘ stleeve itself has five 
ports, one actiii^^^ in common with the indivition and 
exhaust poi*ts. The sha]>e of tin* ports in the sleeve 
is shown in Fi*^. ‘U, those in the cylindfM’ h(‘in^^ of 
the sanui shap(‘ Ipit inv(‘rted. 

On a down strok(‘ of th(‘ sl(*(‘Ve tin* exhaust ])Crts 
are uncovered, and whih* the sleev(' is rotating at tin? 
bottom of its travel the inlet ports are o])ened and 
remain so until tin* upper dead centre. Vt this posi- 
tion all the poi'ts ar<* closed and th(‘ ])Oi ts in tla^ sletwe 
are housed between tin* detachable bead of the 
cylinder and extensions of the cylinder walls away 
from the effect of the explosion. 

With ail valv(‘ s\ stems as alreads j’efericd to in 
Cha])ter V, the time duiing which the valve ] torts 
are open<‘d as well as their maxin.uin aiea of valve 
opening has to h(‘ takcm into account in gauging the 
etfectivtmess of the system. liOoke<l at Irom this 
point of view, the .\rgyll system appears to hi* good, 
since the valve ports not onl\ reach their maximum 
opening ([uicklv hut leniain full open a correspond- 
ingly long(*i time. The sleeve itself has lielical 
groov(*s which act as liihiicating channels. 

7?e/('w7/ Ptuij . — 01 the rotar\ ]»!ug l\ pe of valve it is 
propos(;d to deal with two kinds, those rotating on a 
horizontal axis and those rotating on a vercj/cal axis. 

The Darracq v^iive rotates on a horizontal axis in 
a casting on one side and neai* the to}) of the cylinder 
casting. Thi« casting has a numher of ])orts com- 
municating Svith the induction pi})e, tlie cotnhustion 
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chambers an(l*l.he eihausfc pipe. The valw has«fou» 
D'«l»a|)cd sectipiis on^ for (jach cylinde]', in fact it is 
very lU^e a C/orliss vjtlve. As^showji in^he sectional 
view in Fi^^ ‘12, the flat portion rlo(‘s dot couple any 
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of th(‘ three jioils, hut a small movement eitlier way 
would eou})le tlu' eomhustion chamber with the inlet 
or exhaust pi])e. ^Althoftel^ the arranj^einent is such 
that the [)iston at the uj)pei extremity the stroke 
covers th(^ poi^.in the cylinder and so protects the 
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and kj}(Vin^ tK(f v’^alvt^thi'ough tvv^o C(>nct!iitri^passa.gef^ 
vvhi(^i Jota(;{‘ ‘iij glands din'ctly over tlic, valve. The 
valve f«igs Willi wli^eli tln‘ •valve ^I’ovided are 
fixed to the viilve easing i>s(‘H‘. • 

f's. — 01“ jiiston valv<‘s ])ro]ier those used 
on the JlewilL <Tigine are ih(‘ best, known. Altliough 



1 .. .‘>1. {tisteii nkIvc 

sliown with inlet valve \ and exhaust valve B 
on i-illi'T Nuh' m k’lg ‘U, they can i ' v ■''ai!ig(‘d on 
one si(h‘ and dnvt-n hv eonneeting rods otf a common 
valvi'-ei^ink sliaft. Hoih v.ilvt's reeipi'oeate in on- 
diical eastings which aie ported and communicate 
with tile inlet and exl^insi jiipi's. In this (Uigine, 
pim-ticalU an\ dt'sn-t'd valve setting (*a« J>e phtained. 

Ihsh 'riiere are no taiginesVith ethcient 
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odisk valvfjs. Either there is too^^rcat Lh area Exposed 
to the explosion, or if ))art of th(‘ disk is mi|,skod 
there is iine-V(‘il expar*siou. A considc'rahle Jimount 
of })Ower also^ is re<juir(‘d 'io drivi‘ th('iri, so that the 
mechanical elliciency is ratlu'r low. 

Valrelc-^ii — Thos(‘ en^iiu's in which the 

main pistons act as valves remain to he dealt with. 
Thes(‘ can h(' ni(\»'e accanately descrilaal as valvele' 
en^dnes than liiose havin^^ valv(‘s of the types already 
d('scrihed in this eliaptei-. A praeiiee has arisen 
ainonjjj niaimfac.tin<'i‘' of lalM'lhii;^ all en^^ines not (‘m- 
ployine p(^ppi*t valves as valveless this point slanild 
he noted hv the student in his ‘^ejjeial reading m order 
to avoid tainfnsion. As a, class, it will he found that 
valvehiss engines operate on tin* two stroke cycle re- 
ferr(*(l to on paj^e 7. 

In Its elemental y form, the c\cle works out as 
follows: The mixture is diawn into thi' crank case 
on the upward suokeot tin* piston, stud on the dowui- 
w'ard stioke the mixtuie is compiesscd tliereitt. In 
the cylinder itself and diirine the first pai't ol the 
dow'iiward stroke, the firiii;^^ and expansion of . the 
gases takes place; low'ard the end ol the stioki' the 
piston uncovers the t'xhausi pf>rt and immediately 
after tlie inlet port. 'J’he fresh charge llows trom 
the crank case and upon entering the c\linder is di 
rectod ) \ a detlecimg piojectioii on the piston to the 
top of the cylnalei- away tiom the t'xhausting gas(?s 
which it thus assists to ex}»eL Upon the 'upward 
stroke and after both ports an* cove 'red, the charge 
is oomjiressed. At the* f'nd ,pf the stroke the cycle 
commences o;er again. 

The only Eritish car to which a two-stroke engine 
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is is tiiS Val)ie](‘ss mude by Messiis. David# 

Brown of Hudd('rHfi(‘ld. Tho ongine is of t?ie U or 
Siphon, with i.w# cyliiidcPs as showy in Fig. 35. 
Tho, exhaust ports arc ])1a(;cd in the* walls of one 
cylinder, ?\, the inl(‘t polls in the other cylinder B, 
and a common i-omhnstion space C' connec s the 
two. lnst(‘ad of a projection on the. piston the 



dividing wall W serves lo separate iht* incoming 
charge from the exhaust. It will he oh. rvfM that 
the (‘xhausl from the cylinder U moves in the same 
direction as the new' charge, there is therefoie less 
possibility of tin* two sets of gases mixing, wnth its 

resultant loss of unhui'«t gas in the exhaust and 

« • 

diluted mixture in the cvlimha-, tliaiFiV ^lie case. 

% 

with the single, cylmder t\pe wherein the exhaust 
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.an(3 ne\v. inixtiuv have oppositt‘ directions 6f flow. 
The possibility of explosion in tlie crank case h also 
avoided bv^drawin;^" itlr only into it and lo'ufin^^ thc 5 
petrol mix w’^tb the air in' the induction passa^^e 1). 



Kiw SI). - J'wii HtriiKf with 'lilti jn^ton. 

A I’olan ViiKe \ e,on(r<»U ih<* air, .ind m, tieedh* valve 
N the petrol. 

Tlie two connectin*.; ro.K are alt, ached at 'their hii^ 
ends to two opf)ositel\ icvoKin;^ disks on tin* lims 
of which arc teeth whicli lU’c m (nic.i,j;einent 'Flic 
shafts (d h(/th disks c.ariy fl\-wh(‘cls, so thtit the 
torque is very evcniv tra ismitted. 
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Tho 1'orm wliich jjnds most ’favour in Jffranca is, 
showii dia^nviminatically iti Fi" .‘jG. The cylinder is 
oular^e3*as at A andta t\vo-d1iiinetef or dilTeniintia] 
piston 1^ is adtipicd to w^ork therein.* The upper 
part of tjfti piston af^ts in the- ordinary mann(ir to 
uncovei’ the inlet :i,n<l exhaust ports 1, r> spec- 
tiv(^ly, wliilsr ih *, annul. ir part of the lower jjorlion 
T^ws the ehar^^e into tiie spa-ie C on the down 
str(Tke, and on tie' up ^iroki* torches it to tlie port J 
of an adjaei'iit cylinder. The sjiac.e <' thus takes 
tlui place ol the Clank c.ase in otlu'i constructi(nis. 
The suction and pi'‘lnrini.irv coinpres-^iun of the 
charite is not d'‘pt'nd'‘iit on tin- eonduion of the main 
hearinj^s, and in this partienl.ir thore w a marlo'd 
advanta;^e out the t\pe emploun;.^ the crank ease. 
In into the rclativ-' tonpie and eH'cienev of 

two- and foui -stroke .'ti'^ines it must he remeinhei’ed 
that a diH'ct compirison i< no. at prescnit real!) ])os- 
sihle, snic.i' so llItTe ail'‘inion has he^Mi Lti\eii to the 
Cu'iiiiM', hut till' pi'i loi niance> of tlie I'-a cars having 
the (*wo-sirokc engine', ceil. uni v compare favoinahls 
with oth<.‘i cais. 
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l’( KhS AM» CAKlU UKn’KJJS. 

AiJj foinis of onoruy :ir«* inl)'rc()nv('rlil>l<' , il is^thc 
function of llu' of ;i. motoi ciir to ohiiiin or 

prodiKM' iKiJit (‘uoiiiv iiiid rntiverl il iliio iiiccluuiical 
\(*liiiiliy jui oil ora spiiii is hy the 

on‘4:in('. and liunii llicroin with air to producn thn 
hnat 

Piirailiii is tbn li,•^hto^t f»f the od^ and pctio!, 
hnnzol, linnzine and alcohoU aii* examph'S of spirits. 
In tlm mattni of iho convt'rtihilit) of (‘nnij^^y onc' 
boat unit (Ilritish Tliormal rnit*', ll.T.I' ) is i‘(jnal 
to 771 ft. Ih. ol work. To (-onvoit heat units into 
its equivalnnt \aliu' in It. Ih. it thniufore nrc(‘^>- 
sarv to nuillijily h\ tlm \aln(‘ 77J, which is usiially 
d(*notcd hy the symbol J. If I Ih of a fuel is faun- 
jiletcly burnt anti / H.T. rniis of h 4 Mt ai'(* evolved 
in the process, ih(*n “ /• ” is said to he ilu' ('dionjic 
Wilfw of tin- fuel. .\pproxiniat,c values for alcohol, 
potrol and jiaiatlin an* 12, Ili, and 2:i n‘spectiv(‘ly. 
Wlunr the find is not com}>leiel\ burnt the heat 
evolved is inu(di less, so that it is desirable to test 
for com])lete combustKrn wlien expeiiineiitin^^ or 
tuning up. 

This involves a knowledge of chemistry. .\ll sub- 
stanc(‘s •a)i3^* either .simjrle substances, known as 
elements, or mixtures or combinationiifrf the elements. 

m 



FUELJi ANT) ('^HJUTRET'|ICHK f)l 

Ajiioug^iimple tjemeiits are carhofi, hydrogen^ oxygen, 
and iron, and fchefio are generally denoted by their 
symbols,^ C, II* O and F(i, .which j-ej)resent unit 
volumes and al>i{» stjfnd for tin* relative ‘•weights of 
e({ual volunH‘-s, these latter Iming 12, 1, IG and 5G 
resp('Ctively. For (example, if we wish to represent 
one volunff^ of oxygen in coinl)ination with one 
iHduine of hydrogfui, we use the. s^vuihol OH and 
knc^w that it also stands foi a W(‘ight of oxygen, IG, 
coinl)in('d with a. weiglit of iiydiogeu, I unit. A 
symbol such ^s b’e.O, represent^' a compound in 
which thi’ee volumes ot non is comhined with four 
volumes ol oxygen ; and tie* relative weights ar(‘ ■ — 
lu‘ : 0 ■ : d X (oG) : 4 x (Kp - duiTo : J. 
Petrol Is a spun maib' up of \arious compounds 
of carbon aiii^ livdiugon oelonging to a gioiip with 
symbol the piedoniinani compounds being 

hexane |('^ fl^) and heptane 

,\n t‘<piati()n isffiven below which lepie^ents on 
tlie li'll and iiglu-hand sides respective!) tlie condi- 
tion ol atlaii's h 'toie and altei p»‘ihcl combustion of 
hexane w ith (»\\gfii. 

2 V()l< iF. ll,d I Pd vols. (0.,) - 12 vols. (CO,. I 
• ! 1-1 vols (Il.Ot 

d’he product' art' cinhon ilioxidc and water 
Now 1 volume ut oxygen is eoiilained in 
volumt's ot air, the othei- cunsiituent - f i'm* mixture 
h(*ing nitrogen (N). so that wh n air is ustMi O, x Pd 
- So vo^mes ai e re<{iiir(‘d. and the d.J x I'd volumes 
of N will he found tree m the exhaust, and appears 
on i)oth sid(‘s of liie ecjuation. It will be noticed 
that the juoporlic^i of iiexwne or O'. uU- ic .i>i 

2 : So apjiroxnnatelv . 
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When imperfect cumhustion occurS|as \vith<in over- 
ricli mixture, (he t‘\hjiust rt'presf'nted in the 

right-hiind sidi* of e(|Uiition will incliKje carhon 
monoxide (V ',()), methane. (('II *) or free carhon (C), 
Frt'c oxy^^'ii {Oj is present in the exliausi,,when the 
mixtUH' is “ wt'ak,’' since* theri* is not i‘nou^h carbon 
to comliine with all the in tli^* air which 

eiit(‘rs the cylindei-. 

rarallin a})])roximate^ to dt*cane andh'che 

equation in this casi* is follow'. . — 

2 . -I ;il . (), = 20 . CO, -(j 22 . 11,0, 

'lO that th(‘ [iroportion of de'cane to aii’ is as 2 ; 31 
X 4.( or I : 70 

Conuneieial benzol i'. about 00 per cent' toluol, 
the formula for tin* latter heme . 11.^, The propor- 
tion of air, detci mined as above, will •be seiui to be 
different from that foi botli p<-ti()l and purallin. In 
consequence ot this a c.irbuietter which h suitable 
for US(' with one of ibesc lu<‘is in:#} not act with one 
of the olhets without e\i< O'.!;'!* adju-.! meiiis and 
alleralioiih. 

Tlie proportion (»f air re<|inta'd and the calorific 
value ot a fuel are nut the onlv pioj)eiiies U) he con- 
sidered in respeci to Its suitahiliiN l(ji Use in an in- 
ternal combustion erif^ine. Tin* densit\. hoilinq 
point, ran^e of distillation, llasii p(jint, as aCo llie 
COiTOsive etfect on the woiKin;! parN, llie sate limits 
of compression, anil sateu in handlln^^ all demaml 
attention. When an oil ui spint is )iei\>d up. a 
tem])eralure h readied at whicli the h^diter vajiours 
distil otf and at successiv«-l} In^dier leinptnalures 
thi* heavier^va]>ours are given off.* When the range 
is low, as With petjol, whieh is liom SO to 100 (J., 
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coTn])]f*4f^ (;0ii)l^jKtioTi can l)(‘ nfori' readily ei’ftvded 
ihan^willi a s-pii ii winch (joiiitnences to dist!l] at, 50' 
0. an(l»^*()ntinij?*K u[)^t() 1 50''^ Jl(‘U\N a })oint or 
tempei'atui'e known :N tli<* “ k’lasli I’oyiT” no ooin- 
})iistil)le Vi),])Oiii‘s enianat<* froni the oil or s])irit, so 
that th(^ a))j)]icalion of a nakod Ii^du is not attended 
l)y conihustion. At and above this j)oint conihiis- 
iiioii would result, consecjuently the In^lier the Hash 
pf^t the ^reatei' the sah't\. 

When a ^Ms is coin])ressed the tfunperat ui’e I'ises, 
and the teinn^aature nia\ he such that if tlie 
is a mixture of a eonihustilile sjm it and an, selt- 
ignition takes place, and in an (‘iigine could take, 
place hefoK' iht‘ spark is produced at the sparking 
plug. Thi" ])re Ignition oe.curs u ditlrreiit conijircs- 
sion pressuia^ loi «liffei>'i.t fiii'ls, ami in ordei that 
It shall not occur iindfi working conditions the 
higliest d( signed coinpi es^ioii for a petiol engine is 
about 05 11). amUtoi an alcohol engine -liould 1)(‘ 
ahoiii lilO 11). 

In the appioxiinate e^jaation foi ])eirol, tha' ratio 
of pT’ti'e' to air wais 1 5 Now. witli a weak 

‘ m 

mixture ol sa\ 1 45 up to \. nch mixtuie of I 45 

and hetwaaai iffes--, comhusiion can la' i‘tlt‘Ci*al in an 
engine, wherea-' none talo"- pkna* outsuh' tlu'sr i >o 
})omons. that is ihi* engine •* nnstiies", 'J'he vai la- 
tion ol J volume ol aii (l.‘» 45i coe na d with a 
mean voliiiiu' ol 45 5 it-xjins^ed as a ])orc. u >ge it 
IS 5’}) 1,'^^inall and calls Jor vi'i y delicatt* design of 
the carhuretti'r or otlu'r ajiparatus su]>pl\ing the 
mixture. A s])irit in which the air lange is 5 per 
cent would he iniRih easmrlo deal with, 

• • • 

Carhnrt'tters.- In the preceding paiaj^-aiihs it has 
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been ascertained thsit the vaporized ^natter u^'quired 
a dehnite supply of aii lor its complete combustion. 
It is the function of carlmn'ttfu’ to sup]))^ to the 
engine, undej' all conditions, tllis correct ])ioportion 
ol ail’ and gas. It has lurtlnu’ to jiroducii vaporiza- 
tion. In designing a caihui’etter to [lossess this 
function, llie various jiroperties of the fuel must be 
considered. aiuHn addition it must be borne in rnin^h 



that th(’ engine o! a inoloi v»‘lncl«' works niidiM- 
constantl\ var\ing b^uK due to tin* natuie of the 
road surlace, gradu-nt, spred of the cai. weight, and 
so on„ Tlie leason loi noting tliesr tactors is that 
the engine, as will l)*‘ seen lat»-r. diaws m fioni thc^ 
caiburetttu' a mixture tin* <|ua,lii\ ol wh^h varies 
with the spei'd, the load, etc., and this variation 
should lie in accordai:c<* with the t fijuireineiits of 
the engint;. , 

Carburettlu’s in general an* po^ses^tai ot two main 
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parts, one being the Constant level reserve?}’ or float 
chaifll)(;r and the other the mixing ctjamher. In its 
^elemoiitsiry form the ‘float chamber A, iflustrated in 
Fig. 37, is 9up])lied with fuel from a tank, either by 
gravity cm- iind(‘r pre«RUie, past the needle V' Ive B. 
A collar Qn the valve sj>indle contacts with two 
Itivers a, which in turn ai(i mov(‘d by the sealed 
bi’c^s drum oi’ float C When tin? 'liquid reaches a 
pre-deterinined height the float rises, and through 
th(' medium of the level’s a positively moves the 
needle valvt; clown on to its seat to cut off the 
sup])ly. Th(; reservoir A is in open communication 
with an upturned jjijie M, into which is screwed 
a nippU* Fi having a ve) \ small hole bored therein. 
Surrounding nfpple .s a funnel-shajied member 
N, usual!) of co])}H‘i’, known as the choke-tube, the 
adjustiiK nt of thi' conical jiortion of which relative 
to the nij)))le detminines the available annular area 
for the ])assag(‘ of air. The tube is positioned 
that the ci’os^ stag ion of ininimunj value is at the 
level*of ihf to]) of the ni])j'lc as the induced air then 
nuivt^" with its maximum .eloeity at tliis position 
and moi'e ti oi#ugbly mixes with and vaporizes the 
•fuel. Uetween this tube and the induction pipe oi 
the engine to wliieh it is attached by a flange con- 
nexion or union nut, is tlie tlnottle \.'lv< R which 
detei mines the volume of mixture adimtteu to the 
cylinders^. and ^\iucb is operated liy lovers by the 
driver. 

In considering the action of the carburetter, first 
sujipose the throitk' valve^ta bo closed, and that the 
level of petrol in the nipple F is at the* fop! The 
pressure of air k> the choke- tube wijl then be equal 
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'to that iJi the atmosphere with which it is m free 
communication. 

Now assume the engine to^be turned, either by 
hand or under power, and that the valve K is grad- 
ually 0 })ened, air will be drawn from the' mduction 
pipe and choke tube on the suction stroke, so pro- 
ducing a fall of pressure around the jet, with the 
result that petrdl and air is also drawn up. 
the petrol in the float-chamber the pressure is al- 
ways atmosi>heric. The higher the s])eed of the 
engine, the lower the pressure in Yhe neighbour- 
hood of the nipple, and it is found that the propor- 
tion of petrol to air is gre'ater. 

The tendency should be the other way, as at the 
highoj' speeds th<‘ mixture can he slightly weaker. 
In order, therefoi-e, to obtain the con*ect proportion 
the simple form of construction just described has 
to be modified, th(> modifications consisting in : — 

1. The ])i-ovision of valved extra-air inhits. 

2. The use of multiple jets. 

3. The provision of means for varying the a'-ca of 
the jet orifice. 

4. The provision of moans for altering the height 
of the choke -tube. 

The extra-air inlets are placed in the induction 
pipes eitleu' hctwefri th<i engine and the throttle or 
between the throtth' and the main air. In the 
former case hy closing the throttle whim the car is 
going down hill, and opening the (*xtra-air inlets, air 
only is supplied to the cylinders for liraking, with the 
result that the engin(‘. is' cooled and the petrol is 
saved.’ In the lattiir case, the valve may he hand 
controlled or automatically controlled in accordance 
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with the suction of tlie engine or in accordance with 
the speed. A car})nretter in which th^ suction effects 
the conk’ol is shown i.fi Fig. 38, the undef side of the 
piston A being in direct communication with the in- 
duction ])i])e K This piston has a numf)er of ports 
C which cay co-act with ports I) in the wall of the 
carbnrettei’ to allow air to pass to the ])ipe B. A 
ligrt s])ring J'l of adjustable hiision is fitted which 
tenus to keej) the valve in its upper and closed posi- 



tion. Tht' main -upply of air enters at F and the 
ehoke-tui)e is formed by the interior walls of the* 
carburi'tler. At low speeds, the suctiun i small 
and unable to overcome the spring E, so that thi; 
ports reniayi closed and a rich mixture is obtained. 
As th(‘ spi'ed of the <‘ngine lises, the suction increases 
and the valve mov(*s down against the s]>ring, so that 
the ports (1, 1) gimUially rd'gister with each other and 
air is drawn in to dilute the rich mixture })}?ssin*g into 
the choke-tube fi»CD the direction of tlie jet G. 
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In tlie second class are constructions which are 
nothing more t-han two or morc^ })lai,n carhurptkTS in 
one casing, '’a small jet with its' own choke'U'ihe which 
provides a rich mixture being ust‘d for starting and 
slow running, and tht‘ oth(‘r jets, which gr'e weaker 
mixtui-es, Inung brought into iis(‘ in addition to or in 
place of the first jet for higher speeds and loads. 



Theif iir<' toims in which tlic jcis have a common 
chokc-tulxs the j(‘ts being ojaaied up '.iic,ee‘>sivcly, as 
IS aKo tlie air inlet. 

The l)(Nt known instanci' ol a jet \Mih^ a variable 
orifice IS that used in the Wliite A lV>p)»e car- 
buretter. The upjier part of the jet lube is conical 
and is bored «‘ccentricall y a"' rit A, \ similaily 
bored r-l\1 (', Tig. rests thereon, d’his ca)) foims 
part of a casting which acts as ii/' throttle valve and 
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air inlol control. Any movement of the^throttle 
lever^ therefore^, results in a movement of the cap. 
When till' thi'oitle is dosed, the holes A tand are 
out of i’(‘gist(;r and the effective area of the jet orifice 
is nil, hut^as th(' throttle is 0 ])ened so the holes A 
and Pi get into alignment and the elTectivti area in- 
creases in the })ro]>ei‘ proportions. In another form, 



the vaiiation in tlu' jet orifice is obtained by using 
ta])ere<l needle valv<* A, Fig. 40. which proi*‘('ts into 
the j(*t B. This valve is attached to a hen 'W^ or 
float C th(‘ jnterior of which is connected hy a passrg* 
J) with the induction jiijie E. The varying suction 
of tlie engine on the bellows consequently moves the 
needh; A in and gut of 1,he jet B and alters the 
effectivt* area. By jirojx'rly calibrating »ttie ’valve, 
that is hy expefunenting and obtaining values for 
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different diameters as at AA, ‘BB, 6c, Fig.* 41, the 
correct quantity of petrol can pass, from tl?e jet at 
all speeds. » ' ' ' . 

In the actual carhuretter, the jet and axis of the 
bellows art inclined 
I I at 45', the claimed 

advantage of which 
is that variatioq in 
the height of ‘ the 
liquid level in the jet 
does 'not atiect the 
proper working. The 
authoi’ saw some ex- 
I)erimenls with one 
of th(*^ S.U. carbur- 
etters which without 
' adjustment gave 

Fin. 41.— Calibrated needle equallv good results 
for jet of carhun tUT. 

and benzol. Between each trial the float chamber 
wasemj)tied and the connexions w’ith the fuels changed 
over. A dynamometer and a tachemomi'K'r, both of 
the direct-reading type, were used to give comparative 
results. 



The inverse of the last-mentioned modification 
consists ill making the choke-tulie adjustable, in 
W'hich case the annular opening or air passage im- 
mediately surrounding the jet can be alp' red. As 
the jet is of constant size a ready means of alteiiiig 
the richness of the mixture is obtained. 

The mixing chamber is*- sometjmes enclosed in a 
jacket 'thi'ough which is by-passed warm water from 
the cooling system or hot gases from the exhaust 
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pipe, tbe ohje^ being to war eft up the mature and^ 
assist in the vaporizing of the fuel. With the same 
object view, the ^r intak# has on some engines 
been placed in close proximity to the exhaust pipe. 

In those engines with the valves on one side the 
practice has arisen of fitting the carbui’etter c a the 


oppositti side and 
casting the induction 
pije integral with the 
cylinder casting in the 
manner illustrated in 
Fig. 42, so that it 
passes througli the 
water jacket, between 
the ])airs of cylinders; 
in this way ctindensa- 
tion of the petrol 
vapour is avoided. 



Fig. 42. — liifluotion pipe m- 
tPK'rHl with cvlinder casting. 


The cylinders are off a White and Poppe eiigine. 

A not unimportant feature in the sihooth running 
of a multiple cylindei' is the method of arranging the 
induction pijiis so that cylinder is equally fed 
with fuel. As far as possilin* the length of the path 



Fig. 414. — Arrangement of imluctiuu pqwfe. 
to each cylindei* shoulcf be the same, y^u example of 
this is shown in Fig. 43, the branch I/of tlie indue- 
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tion pipe loading to* the valve chamlor com' non to 
the inlet valvtis A^, Ao of the first two cylindej-s and 
the other branch I._. to. the valves A,, A^ of the other 
tw^o cylinders. A had arrangement for a similar 
engine is shown in Fig. 44. A distui’bing factor, th(j 
value of whicli cannot he readily ih'tei inined, arist's 
from the (*xistenc(‘ of p('riodic wave inoli'uns in the 
induction jnjies. These motions have the effect of 
starving one or two cylinders, hut the magnitiuh, is 
not veiy gi’oat exce]»t at certain critical speeds of 



and loads on the engnu'. To jirevent thesi' surgings 
and maintain nn even suction in the* induction pipe, 
spiral ohsiructions and cliamhers siniuai to tie- aii 
chamhers of water piimjis have heim 1rie<l. 

Whoii the peti'ol flows h\ gravit\ from llu* tank 
to the fif)at chamhei care must he taken as to the 
height of the tank i-elalive to that of the carburetter 
on the chassis, as one lias to remember tha‘ when 
the cal' is goine n]> hill tlu're is a tendene\ foi' the 
supply ol petrol to he cut olf, owmig to the new’ 
relative jiosition. For the same feason tlu' float 
chamber "aiuh the mixing chamber should he set 
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croRSwile on chassis as there is then nc^^liabihty 
to tJooclin^' or starvih" the jet when the car is not on 
the love?- 

If space mider the homiet is a consideration and 
the float ttliainher has to })e placed in front of or 
behind th(‘ jet chamber, it should be placed if pos- 
sible in fi'oTit so that the level in the jet is laised 
* when the cai- is climbing. If the jet level is 
lo\v%i-ed when the cai' is climbinf," the engine may 



Fi«.. 1.’) — pi'tnU ItAj' !’i cHrhurctn'r. 
sto)), which possibility is the reverse of disij-able. 
Jn tlui arrangcineiii with the float chamber in front 
and the car on the it^’cl, the petrol level in the ilui'’ 
chamber and jet would be at A-A, Fig In. When 
going iq) hill, the level is shown by the 'n‘» and 
dash line C-C, Fig. 4t>: and for dowm-hill work by 
the level ]'A*en with th(‘ crosswnse arrangt'- 

ment, if the car is left stationary on the camber of 
th(i road loss qf petrol th|Ough the jet overflowing 
can occur. 

Where the petrol tioes not flow by gravity to the 
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floflit cVraber, the pressure of ^the ekhaust 6r of air 
supplied by an air pump is utilized to force the 
petrol to the fllbat chaml^er. These systems do away 
with the possibility of failure of supply when the oar 
is on a gradient. 

Symptoms. — Flooding, the term used to indicate 
leakage from the jet, can be caused by setting the jet 
too low in relation to the level in the float chamber, 
the remedy being to use a longer ni[)ple or to ii'.sert 



a washer at the base of tbc* existing ni])ple. A 
needle valve, in want of re-grinding, by imperfectly, 
closing on to its valve seat will allow leakagt‘, and if 
the float, toggle levers, or valve rod get jammed in 
any way when the valve is off its seat a leatkage will 
always occur. Ileside this leakage, which nja> exist 
when a car is still, violent oscillations of vhe needle 
valve take place wlien a car is moving over a bumpy 
road or an engine is vibr^iting badly. In the run- 
ning qf tho engine, a rich mixfure will enter the 
cylinder, resulting in a tendency to overheating, and 
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a lacl? of accelerating power will manifest iteelf* 
whe« the throttjo is 0|^)eiied quickly. 

A rich mixture, n%t due to flooding,# before it is 
cured, will call for the substitution of a nipple with 
a smalle^*orificc. 

A weak^ mixture not infrequently is due to the 
presence of air finding its way into the induction 
pipe thi'ough badly made joints ; aftd where an aux- 
ilim7 spring-controlhid air-inlet is used through the 
spring being too weak. The size of the jet orifice 
can be increased as one means of getting a normal 
mixture. With a very weak mixture, the charge 
burns slowly and may last until the inlet valve 
opens for a fresh charge to enter the cylinder, in 
which case new chaige is fired, the slight explo- 
sion [)assmg dowm to the carburetter, a phenomenon 
known as “ popping 

Irregular action of an engine, the ignition being 
perfect, is duo either to spasmodic choking of the 
4 uel sujiply, or due to ^‘freezing”. The latter can 
he cured iiy wai'ining the air suiqily either by the 
exhflust gases or b}* the cue .ating water. 

Attention now lining directed to means other 
than the use of the auction of tin* engine for supjily- 
ing the fuel, but with engines using sjiirits or li :.it 
oils no success can as yet be recorded \\ ith heavy 
oils, and in the larg(*r engines used lor .Mftionary 
work ai^l marine propulsion, forced feed is suc- 
cessfully employed, and no doubt in time smaller 
engines will follow suit. 



CIJAPTEH VIII. 

LVBUK’ATION AM) LrimiCATINti SYSTEMS. 

When one surface niovo.s relatively to another friction 
occurs and the work done in ov<‘rcon1in}^^ friction is 
chan"(‘d into lu'at ener<.^\. In order to reduce the 
friction and the conseqiUMit wear in the niovin^^ ))arts, 
these ])arts aie luhricated hy maintaining^ a lihn of 
oil between thtun. So far a.s we are at^present con- 
cerned with the lubrication of the (Mi^ine and its ac- 
cessori(‘s, the pairs of rnoviii*^ parts are (1) the jnston 
and cvlinder walls ; (2) the small (‘iid ot i he connectin'; 
rod and the s'udjzeon pm ; {'.]} the l)i|;endo{ tlu' con- 
necting rod and the crank pin ; (4j ilu' crank shaft* 
journal and the mam iieariiigs : (d) the cam shaft .and 
its hearings . (h) the driving shaft-, ol the punl})^Mnd 
magneto and their hearings. 

The systems em])l()\e<l whereby all tliesc parts are 
effectually lubricated are three m number and 
comprise : — 

1. Splash. 

2. Tressure or Mechanical. 

3. Combined splash and jiressure. 

Splash . — This is the simplest and cheajiest of the 
three systems. I n this case tiie crank case is supplied 
with oil intd'/vhich the big ends dip and throw the 
oil up on to the cylind(‘r walls aial mterior of the 

(711) 
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piston •to the gudgeon pin. Hhe oil whiili drains, 
dowii is directed to the main bcaritif^s. 

Sonuitimes the ])is4on has lt‘d"e.s for (jpllecting oil, 
which then passes thi-ou;.di holes in the ])ision to the 
cylinder ^t\'alls, in otho cases a projection on the 
under side of the top of the }iision collects th(^ oil 
and flir(‘cts it to a hole in the small end of the con- 
necting I'od whereby the gudgeon* ])in receives its 
luflt-icating oil. 



I'li.. 17. - vith nil pollcctnrH. 


Fig. 17 gives a construction ol piston providing 
both tlu'se features. The oil drops from the p ^’ it 
A and iicls to the gudgeon pin through a hole in the 
small end, I'rom the bottom of the lei/^ C oil 
})asses tjiiough holes J) in the piston walls B to the 
cylinder wall. This construction is rarely used now 
since light pistons are more imiiortant. 

Owing to •the^fact tUat a considerable amount of 
oil gels past the piston lings into the^uppiu- part of 
the cylinder a;.id is then burnt up, the oil in the crank 
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,casp mivt be periodically replenished, thil being 
usually effected by means of a hand-pump situated 
on the dasl]lx)fird. The pump has a two-way cock 
which enables the oil to be drawn from a tank and 
forced into the crank cjise. The great dis^idvantage 
of this system is the lack of uniformity, the engine 
being probably over-lubricated at the time a fresh 
charge is put intc the crank case, with accompanying 
smoky exhaust, and under-lubricated by the tim(i a 
further charge is given. 

Pressure or Mechanical . — In this system oil is forced 
to all the working parts by a pump, th(‘ oil being 
drawn from a sump in the lower part of the crank 
case and forced through a tell-tale or indicator on 
the dashboard to the main bearings, \sh^'!ice it ]>asses 
through the crank shaft to tlie big (mds, passing to 
the giulg(^on pin and then to the cylinder walls from 
which it drips back into the sum]). Th<i iw^thod of 
carrying out the system vari(‘s, in some cases the 
connecting rod is drilled, in oth(*rs tiu* rod carries a 
small cop])er pi})e for conveying the oil from the. big 
ends to the gudgeon ])in ; again,- tlie crank shaft is 
hollow in some constnictions whilst in fibers the shaft 
is drilled, the ends of the ducts being carefully 
plugged. 

The advantages of th(* jiressure system are : (r/) the 
possibility of using smaller bearings; {h) th(' oilways 
are less liable to be choked or stopped ; regular, 
regulatable, small quantities of oil can he used, so that 
over-lubricating does not take jilace. The disad- 
vantages are : (a) any failure of the system is liable 
to produce Qojmplete breakdown of the engine ; (/>) the 
viscosity of the oil and the pressure varies with the 
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temper Aure; and (c]^ the amount of oil getting* to 
various, ^arts depends on the condition of the main 
bearinga^ if the preaswre is high enough ^ maintain 
a film of oil when the beajring is tight then too much 
is throwi^’off when the Ixiaring is slack, and vice 
versa. 

CombmeU Splash and Pressnre . — Only the main 
bearings are RU})plied with oil under ^)ressure, the oil 
passing freely from them to troughs into which 
scoops on the big ends dij) and thus spray the 
cylinder walls* and nunaining parts. The troughs 
are kept full, so that a uniform lubrication is ob- 
tained, the overflow })assing to the sump from which 
the pump obtains its su])])ly. An improvement is 
obtained bv^ coupling ib ‘ lubricating regulating 
means to th(‘ throttle, so that the su])ply is ap- 
proximately ))roportionate to th(‘ load. One easy 
method consists in fitting ih<‘ troughs with vertically 
moving weirs operated in common with the throttle, 
th('reby regulating the de])th of iminei-sion of the 
scoops. A similar method consists in pivoting the 
troughs at one eiui, %nd raisj* g or lowering the free 
end by rods alsp ccaipled to tin; throttle conti ol lever. 

* A drain cock must lie fittt‘d to tin* bottom of the 
sump and a second cock can he used as an overfiov, . 

This sysU'in is illustrated in Fig. Tt will be 
noted that tiv' leads to the main hearings a/'-«j.artly 
pipes ani^ partly ducts in tin* supporting webs. 

Lubricating Pumps . — Two main types arc used, 
the geared pinion or Hoots Blower, and the piston or 
plunger type.* 

The geared pinion typo shown in Fig.^ is driven 
by a vertical shaft and helical gearing from the cam 



Fio. 48. — Lulincation system. 
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shaft, the pumf! beinj^ placed af the bottojn- of the 
sumg. Ample provision for filtering the oil and as 
float indicator are prqji^ided. These ^iurn{)s are very 
satisfactory when operating under small suction and 
in positions where they are always primed. 

The cam-operated plunger pump, of which type 



an ex^xm})l(5 is given^ in Fig t50, has a considerable 
vogue. The plunger A is hollow and contains a 
spring S whiclt eiTects the outward and suction 
stroke. The cylinder and valve casing B are integml 
and bolted to the crank case C on a level with the 
cam shaft. The crank case is cast with dut;ts D 
which form tlie delivery passages to the main 
bearings. •*Ball suction and delivery valves are used. 
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(UIAPTEK IX. 

M.\GNETOS AND ACCUMULATOHS. 

The charge of gases is fired electrically by a spark 
which is produced between the points of a sparking 
plug. At th(' present time the high-tension magneto 
is almost universally employed foi’ o])taining the 
supply of electi’icity, although an additional source 
is obtained from an accumulator. ^ 

It is now proposed to brielly descriln* and indicate 
the functions of the main element of tin* magneto. 
One of these elemeiits is the magnet which for the 
sake of convenience tak(‘s the foi m of a horsceshoe. 
It is made from 3[)t!cial steel which combines tlu' pro- 
perty of steel for retaining its magnetism or r(‘main- 
ing “permanent,” and that of sc(t iron which crn be 
more highly magnetized but loses its magnetism 
more quickly. The magnet retains its ma'iiictism 
as long as the armature, or a ke(‘per of iron, con- 
nects up the north and south ])oles. By })lacing 
two or three magmds side by side, each of which is 
laminated, i.o. made up of thin strips, the complete 
magnet is less liable to become de-magnetized. Soft 
iron pole shoes which enclose the armature are bolted 
to the poles of the magnet. 

The arnsasfcure is of H section, made up of thin 
sheets which are insulated from one another to pre- 

m 
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veut cros3'Cui‘i-onts ^oi* surgings) from exiting, Tind* 
are bolted to end plates which have spindled adapted 
to I’otaio ill ball-heawiigs. T^he armatt.re is trued 
up in a lathe so that tjie gap between it and the 
cylindricaT surfaces of the pole shoes is as small as 
possible, about inch. Upon the armatuie two 
sots of wire are wound, one, the primary, consists of 
two or threi' layers of silk insulatM copper wires, 
an(> the otluu', th(> secondary, consists of about forty 
layers of much finor wire, sujierjiosed on the primary 
layi‘rs. The* iTiyers are insulated from each other. 

A section showing the 
winding is givtm in 
Fig. 51. .\s the ar- 

matui'c is rotj^ted, the 
magnetic influence 
passing through the 
core of the armatuiv 
varies in intensity 
fi'oin a maximum to 
a myiimum twice per 
rovokition, and thts 
variation produces an 
• elecfj-ic current of small (‘lectro-motive force (E.M F.). 

By suddiMily hieaking th(*. jirimars circuit a vi ry 
high Iv^I.F. is momentarily gene.rated in the secon- 
dary circuit. Forming part of this circuit Is the 
sparking Jilug. The air gap between the plug poles 
has a great electrical resistance and can only be 
bridged with a formation of a hot spark at the 
moment of the e^xistenc® of the high E.M.F. If 
therefore the contact-breaking device of Xlte primary 
circuit be mech^iiiically operated at regularly recur- 
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ring internals, then a spark will also be regularly 
produced. The “ make and break ” device or 
contact breaker is mounted on or driven , off the 
armature spindle. 

The condenser is made up of tinfoil sheets insu- 
lated from each other, alternate sheets being earthed 
or connected to the primary winding. It is used to 



Fio. 52.— U.H. magneto. 


obtain a more I’apid and complete break. When the 
primary circuit is broken it would not oidinarily be- 
come instantaneously zero, but when a condenser is 
fitted the current is more rapidly absorbed m the tin- 
foil and a condition approaching an instantaneous 
break is obtained. 

The 'secroAidary circuit is coupled to the spindle of 
a distributing device consisting of alternate metal 
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segments and insulating materiaf, whereby in engines • 
with^ more thsin one cylinder the sparking plug of 
each c^inder is con»ected u{) in ifs jyoper firing 
order. 

The speed of the armature for three-cylinder 
motors sfiould i)e three-quarters the speed of the 
crank shaft'; for four-cylinder motors the armature 
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The fahowing description of the* inagndio, the 
method of timing, and of locating ti’oiihhjs in mag- 
netos lias b^ien supplied ])y Messrs. S. Wolf, A Co. 

Assuming the magneto to be fitted with timing 
adjustment, first set the timing lever to fuM advance, 
by turning it round as far as it will go in the 
opposite direction to that of the armature's rotation. 
Turn the armature round in its jiroper direcition, as 
indicated by the arrow, until the platinum contocts 
move a])art ; this brings the armature into the 
correct position for full advance; of ignition. Now 
look through the openings in the disti ibutor, ])late 3d, 
to see on which Il.T. segment the distrihutoi’ lirush 
is ; note tlie numlier ot this segment, wliicli corre- 
sponds with the number on the u])])er edge of the 
distrilmtor ])lato, and connect the plugs of tlu* cylin- 
ders by their cables to th(‘ magniito in the order in 
which they are to lire, so that th(^ numbers on the 
upper edge of tlie distributor ]>lale coiresjiond with 
the numhers of tlie motor cylinders. Tluai that pis- 
ton whose cylinder and plug are (oiinected with the 
Il.T. segment and distiihutor biush is pul info its 
position of full advance ignition ; the driving wheels 
are then put jirojicrly into gear and the toothed^ 
wheel is tightened up on the armature spindle. 

The contact plugs of the disti-ihutor are then 
connected wdth the ignition jihigs liy well-insulated 
rubber cables of not less than U mm. diameter, and 
the short-circuiting terminal 27 is connt^cU'd by a 
rubber-insulated cah'e of not less than o mm. dia- 
meter with a switch, one })olc of vdrich must he 
connooted TVith the fiume. 

Regard must always be had to the direction of 
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rotatio*. If trtis is for right-hatid drive (cjockw^se),, 
the position oHiiIl advance ignition is that in which 
the arrflature is'l mn^. from the left-hand pole shoe. 
On the other hand, if the magneto is for left-hand 
drive (anti-clockwise), the position of full advance 
ignition i% tliat in which the armatui-e is 1 mro from 
the right-lTand polo shoe, and in this position the 
gear wheel or coupling must he tightened up on the 
spiydk*, assuming the motor to have l)een set as 
above explained. 

CnUincf oj]\ LjyiUion is effected hy a switch. 
When the swiUjh is open, the magneto is ready to 
work ; when the switch is closed, the primary 
winding of the armature is short-cinaiited and the 
magneto is j)ut out of 0 ))erati‘)n. 

Safctjf Sphrk dap, Id. — This provides a jiath for 
the escape of the high tension current if the magneto 
should hecoiiK' accidentally disconnected from the 
plug, or if the electrodes of the plug should be too 
far apart. Tlc' magneto must not, however, he run 
for any length of time with the spark discharging 
across the gaji. ^ 

Contucl lU'cahcr,' — This consists of the interrupter 
11 witli ]»lati?ium ])oints lla, and th(‘ adjusting 
nut 1 \ h. 

The contact-breaking nu'chanisrn is suhjt'ct to no 
wear, as th(‘re art; no pivots, and ail so ^‘w tjireads 
that could givi' rise to defects hy working loose are 
avoided.** 

To ad just tlie make and break, first slacken the 

contact-breaker fixing screw and diaw the contact 

• • 

breaker out slighfly. Then turn the no^ciied adjust- 
ing nut 116 at the back of the contact breaker to- 
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wa?;d 3 thp. right or the left as required, by nieans of 
the spanru'V kc‘y, until the right amount of intep'up- 
tion is 8ecu;;ed at the ’platinun? contacts llgf.. After 
the contacts have been adjusted, tighten up the screw 
again. 

Locating Troubles . — Irregular firing is generally 
due to there being too great a gap between the elec- 
trodes of the plug, assuming of course that the cable 
connexions are in order. The electrodes should ^not 
he mon' than Odi mm. apart, and this matter should 
be put right if nc^cessary. 

If the firing is still irregular or fails, proceed as 
follows to examine th(‘. magneto for pio})er action. 

Disconnect the igniting plug cables from terminals 
1, 2, 3, 4, and the switch cabh* from terminal 27, and 
by means of plug or clip contacts conm^ct wires to 
terminals 1, 2, 3, 4, and place the ^^nds of th(‘ wires 
close to the magnets, so as to form a S])ark gap of 
about 1 mm., the timing Itwd* being set to full 
advance, i.(‘. in the end position o))posite- to that of 
the direction of rotation. Now run the magneto at 
not less than 60 revolutions perrfninute in the direc- 
tion for which it is built. If sjiarks jiass at the 
spark gaps by the terminals 1, 2, 3, 4, the magneto 
is in order, and the trouble is in the plugs or in the 
switch or in their connecting cables. The part in 
whichithe trouble lies can easily be found by chang- 
ing. On the other hand if no sparks pass at the 
spark gaps by the terminals 1, 2, 3, 4, thd magneto 
requires attending to, and the platinum contacts 11a 
of the contact breaker 11, .the carbon , brush holder 
12, its brui’lyand collector ring 5 should be cleaned 
with pure petrol. Also remove the distributor plate 
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33, and*clean Ae contact segments. If, ajter th^se 
parts have befen thoroughly cleansed with petrol, 
dried and properly rejj|^)laced, Wie ma^jnejo still fails 
to work correctly, the winding is at fault. If it 
should he iiecessary to dismaritli! the magneto, pro- 
ceed as follows : Rtmiove the gear wheel or coi pling 
by means ot a wheel -dismounting tool, and unscrew 
the carbon brush holdfu- 12. Thrm remove the 
cov(ir 7 from the hearing, take out screw 10 and 
remove the contact bn'aker 11, unscrew the distri- 
butor jjlate 3Ji, and remove the distributor gear 
wheel. Then unscrew the nvar bearing and draw 
the armature 3 carefully out from the pole shoos. All 
the parts should then he carefully examined and 
cleaned. Owing to the design of the magnet frames 
it is not necessary to short-circuit thi' })oles with an 
' iron plate or bar when the aiinature is removed, 
hut care should ht' taken that the magnet frame is 
not in th(i neighl')Ourhood of masses of iron, as other- 
wise loss of magnetism occurs. To reassemble the 
parts, proce{‘d in the reverse oi'd(;r to that described. 
The- fixing screws pf tlu heailng must he well 
tightened iijr Bi‘for(‘ screwing in the carbon brush 
^holder 1 2, sei‘ 'that the carbon brush moves easily 
in its socket, and also that the carbon brush oi +he 
switch terminal 27 on timing lever or cover 7 works 
easily, so that a good rubbing contact is i iisur^d. 

Accinnulators. — Accumulators, or as they are 
sometime^ called “ Storage l)atteries ” or “ Secon- 
dary cells,” have the power of storing electricity 
after having l^een charge^ therewith and of giving 
out such charge as may be required. ^ • , 

The lead accumulators comprise a number of grids 
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or ^plates^ containing in a pasty form Aither letd oxide 
(positive plates) or red lead (negative plat(^s). These 
are placed in a celluloid cell aj:id ini'mersed in dilute 
sulphui’ic acid. Th<‘ density of the solution is al)Out 
1*2. When completing the solution puye distilled 
water or acid should he added until a finitl solution 
is obtained of the requirt;d density. Ea^h ccdl when 
fully chai-g(‘d i,s under a pressure of two volts, so 
that two are usually connected in seri(‘s to give /our 
volts. The rate of charging is about six amperes 
per square foot of ])Ositive plate surface. 

In order to convert th(‘ low voltage, or Jil.M.F. 
into the higher one necessary for ignition ])ur])Oses, 
an induction coil is used. Tliis comprises two siits 
of windings on an iron core similar to th(‘ windings 
on the armature of a magneto Tlu‘ “ make and 
break,” condenser, and distributor when littiul are 
also similar. Most coils have a ti'einhler blade 
fitment which operatcis in a manner analogous to an 
electric bell. 

Thei-e is a second typ<‘ of accumulator which has 
only lecently bt?en jierfected/- The ])lat('s irre of 
nickle hydrate and iron oxide contained in a st(‘el 
shell and immersed in a solution of caustic potash.. 
These alkaline cells are stated to be cajjahle of very 
rough mechanical and electiical treatment without 
being* materially injured thereby. They can be dis- 
charged by short-circuiting across the tieaiimals, or 
can be charged at ten times tlui normal rate of dis- 
charge and will not lieaffticted, in which respect they 
are very much superior. to tbejirat type. They 
have, hox^'^ver, a working E.M.F. of only about 0’9 
volts per cell. 



CHAlTKIi X. 

COOLING SYSTEMS.* 

Of tb(‘ heat 'wliich is [generated in the cylinders, part 
pass(‘8 away wiUi the exhaust f.^^as(‘s, jiart is convt'rted 
into useful works, and the rernaindf'V, about 115 to 40 
per cent, ])asses by radiation to th«* cylinder walls, 
from which it has to he carried away in order to 
prevent overheating. 

d fr.— Will *sniall-powered (‘Uf^ines, radiating fins 
are cast on the cylinders over which air passes and 
takes u}) the heat. The current of cooling air may 
he produci'd by the passage of the car through thf! 
aUnosphtu-e or may he induced liy a fan. With small- 
powered cars this form of c.ooling is fairly (‘.fhcient. 
The great ohjecdion to ah cooling arist's fi’om the fact 
that when a car is climbing so that the engine is de- 
velo])ing its nutximinn })Ower and the s])eed of the 
car is low there is a tendency to overheating. 

Watar Coolinij . — When waU;r is ns(‘d as the cool- 
ing medium, it is circulated throiigl. w iter j^ickets 
surrounding the c\ linders, either by a jmmp or by 
thermo-syphonic action. Tlu* heat taken up b\ the 
water is dissipated by passing the water through a 
radiator. Wljen a pumi^i is tised, it is situated near 
the bottom of the radiator, its delivery pipejiassing 
to the bottom of the jackets. Tlie water is pumped 
( 91 ) 
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frqm th§ bottom of the radiator through thS jackets 
and thence byiipipes to the top of the*radiator. The 
pump is usjiairy dj'ivfin off th^ end of the 9 am shaft, 
or by skew or like gear from the timing gear. 
Fig. 54 is a diagrammatic sketch of such a system, 
the pump A has a delivery pipe 15 whiclf branches 



to the pair of castings F. The pipe (’ goes to the top 
of the radiator D and is connected Iheieto by rubber 
or other flexilde tubing. The radiator blti a filling 
cap E and drain plug G. 

There are six types of numns in mere nr less 
common : — 

(a) The Boots Blower or geared pinion such as 
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that illustrated in Fig. jt9, Chapter VIIL Theicapacity 
of su^h a pump* varies as the speed. ‘ 



FffJ. 55. — Centrifup;al pump. 

(b) The Centrifugal Pump as illustrated in end 
view and sectional front view in Fig 55. The 



Kkj. 58. — Eccentric disk pump. ‘ 
capacity of this type of pump, after a certain speed 
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has been exceeded, varies apprQxiiiuitely as tlie square 
of the speed. ^ * 

(c) The i^jcceiitric Disk, wiih sliding pistan. This 
type has been illustrated^ in Fig 50. The pistons 
are canFul by a disk which is eccentricafl^y mounted 
in the pump casing and ai'e i)ressed by s|n‘ings against 
the casing. Tht* hollow part between the disk and 
casing is thus*' divided into two ])arts alternately 
coniH'cted with th(* suction and dc'livery oi ifices.* 

{(I) The Helical oj- Sci-ew Pump. This has the ad- 
vantage that if th(‘ puni]) stoj)s woi*king the system 
will autoinalically becoim* thermo-sy])honic. 



(< 3 ) The J)iaphr:igm I’limp. This recpiircs nagear- 
ing to di’ise it, a s])i'ing-conti’(#led <lia])hi’agm*heing 
0 ])erated hy tluctuations of the exhaust jjn'ssurc. 
No Jh’itish car has been fitted with this form of ])uin])* 
Thpj'nio Sjfphm (' irciiJation. — \\ le*n water is heati'd 
it exjiands and its density decreases, so that in a closed 
systefti wai’in water tends to How ujiwardiy and cold 
water downwardly. This jihysical fact h;|s been put 
to practical use on cars. By connecting the upper 
part of the cylinders with the upper part of the 
radiator through large pipes, the wainn water in the 
jackets* ri {^ 3 ! to the radiator, is there cooled and sinks 
to the bottom, whence it passes to tl^e bottom of the 



rOOLINCf SYRTEMP 


&5 


cylinder jackets. Th^ form of uptake for a aonobtoc 
engin 4 > is as sfiown in Fig. 57. litis secured to 
tha casting by foui* stu^ s and nuts. Thetpipes must 
be large so as to impede, the flow of water as little 
as jjossibh*.? For the same reason any change in 
direction must not be abrujjt but produced by gradual 
change. 

It may be noted in passing, that it has been pro- 
posed! to disjxjnse with a radiator and cool the water 
by using air which is drawn by the water circuit 
injector action. • 

Radiators . — There are two kinds of radiators : — 

1. Honeycomb. 

2. Tube."^ 

In radiatoj’s of the first kind, the water is contained 
in thin cells, air being drawn through the honeycomb- 
like spacf'S bi‘twe(*n the cells. A very large surface 
reijuiriiig the use of a smaller quantity of cooling 
watei' is the pi'incipal advantage, against which can 
be.set th(' liability to leakage at the cell joints. 

Tidic. — These comprise a lower and an u])per tank 
connected by a number of "ortical tubes similai- to 
that shown in Fig. 51. When there are side tanks, 
tjie tubes ai’c horizontal. The water flows through 
the tubes (uther in series or in parallel, the latter i>u- 
ing th(' more usual arrangement. In the majority of 
cases, the tubes are jirovided with fins, winch are 
soldered on or are pressed on, their function being \o 
provide a larger cooling surface and assist in radiating 
the heat. 

Usually the radiator i? placed in front of the 
engine, but the practice is growing of pk.cing it at 
the rear of the engine, immediately in front of the 
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dafshboaid, where it is less liable to dama^ due to 
collisions. Tli^s arrangement necessitates the, com- 
plete clositg in of the urideu part of the.qngine so 
that the induced air must go through the radiator. 
For the sake of rigidity the radiator is mounted on a 
special cross frame, the seating having leather, rubber, 
or wood cushions. To minimize the effects of frame 
distortion, a baFi and socket connexion with the side 
members of the frame is not infrequently provided. 
As a further consequence of frame distortion and also 
because of the expansion of the water pipes under 
running conditions, the radiator has to be coupled to 
the pipes by rubber or other flexible tubing. 

Fans as shown at H in Fig. 54 are fitted to ensure 
a draught of air passing through the radiator when the 
engine is running, although the car may be stationary, 
and to increase the cooling effect when the car is 
moving. Fans placed behind the radiator are being 
replaced by vanes fitted to the periphery of the fly- 
wheel, an arrangement which goes well with radiators 
fitted behind the engine. , 

In addition to having pipe^with lai’ge lieivis for 
the purpose of obtaining an easy flow, the bends 
should also be arranged that there are no pockety 
wherein air could accumulate and form air pockets, 
or in which steam could l)e produced. When the 
watef is drained off', it is also essential that none is 
left in any elbows. 

When water freezes as it does at a temperature of 
or below Fahrenheit, the ice which is formed has a 
volume which is 10 per c^it greater Uian that of the 
original waAer. In expanding great force is exerted, 
sufficient to crack the water piping or cylinder jackets. 
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{Suppose a car in ,a garage the temperature *of 
which i.s likely in the winter to |all below the 
fre/izing, point, either •the water has to *1)6 drained 
from the cooling system, or some substance must 
be added To it, such as glycerine or othe^ anti- 
freezing mixture, which has the property of lower- 
ing the freezing point. Such treatment is also 
desirable in cold climates such as Ca*!iada. 

Tb*i following table was given in “The Autocar” 
some time ago, which shows the effect of different 
quantities of glv«erine in this respect ; — 


Propdrtion of 

Kree/ing Point 

Specific 

Olycorine 

Kuhrenhoit. 

<iriuity 

JO portent 

1*8“ 

l-0!>7 

80 

15“ 

1-OKO 


T)'' 

1*100 

''iO 

- 5" 

j*iao 



CHAPTEE XL 

TRACTION. 

AdJiPsive Power. If a wheel can-ying a load \V, 
Fig. 58, be roll(‘cl ov<'r the ground and k is the co- 

It 

efficient of friction l)etw('(‘n the wheel and tin* road, 
then thf' inaxiinmn tangential force* wliich can he 
applied to tlie lim of th(‘ wina*! is k . \V. This force 
W - P is called tin* “adlu'sive powei ”. The 
coefficient k is a])proximately eqinu to O’G for 
rubber and macadam. 



fn' determining the adlu*siv(> powi*]- P for a given 
car the rear wheels P of which aie driven, let W be 
total load on the wheels with tin* centre oi gravity in 
the position shown in Fig. 59, thi-n 

r- 0.0.11=0' -6 " .w. 

a + b 

Going up a hill, thi dis])osition of the weight re- 

(as) 
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t up. hill then the adhesive power is greater, k valu- 
able feature sinqe the tractive force can be increased 
as will be se'^ii later. , 

Tractive Force . — In order to m.ake a car move a 
force has to be a])})lied tO the road wheels by the 
engine through the medium of g«!ariiig sudicitmt to 
. overcome the resistances to motion. This force must 


not exceed the ^Ihesive })Ower or the wlu'els will 
spin round without gri])ping. Tlie factors concerned 
in determining th(‘ iractiv(‘ (‘I'fort are : (J) tlu' torque 
of the euigims (2) the friction in t^ie transmission 
mechanism ; (3) th(‘ gejir ratio between the (Uigine and 
the back wh(‘el ; and (4) the diameter of Llie wh(*ol. 

Using the formula given in Uliaptm- IV— 


B.II.P. = 


27r . T . u 
33000 


we get the toi que = T = 


B.n.r. X 33000 
. w 


On tht‘ top gear, which is usually direct, th(‘ trans- 
mission system ahsorhs about (S ]M'r cent of the 
powe]', wh('r(‘as on the olhe]‘ gems a})out 20 per 
cent is absorbed, so that 92 j)ei'^cent and SO pf>r cent 
respectively of th<‘ engine ])owei is avaibible at the 
back axle. The g<‘ar ratio K e(juab ih(^ revolutions 
per minute of th(‘ engine divided by the j-evolutions 
of the road wheel, an average' case being 3'(S5 to 1 
for the top geai-, for the S(‘cond gear OI) to 1 for the 
first gear and 1 2 to 1 for th(' low g<‘ar. 

Let T be the engim* torque in lb. i'e('t, K ho the 
gear ratio, E the efticiency, W the weight in tons on 
the rear wheels, and D the diameter in feet of the 
I’oad whe(*l.^ Let F he the tractive fotce in pounds 
per ton. 
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Then F ^ ^ nwust not exceed 

2 ' 

0’6 H, otherwise *sli[)ping.will occur. 

llcM'iki^ice to J/<i// 0 ‘W.. — Now the roSistiuice;, which 
this traGti’'f^‘. foice has to overcouie are three in 
number for h, car tiuvelling on the level road, to 
which has to be added a fourth factor when the 
car ts on a gradient. Tlie first factor is that of road 
reiihlanCA% which may he taken as equal to 40 Ih. 
per ton weight* The second feature is that due to 
incchamcal friction, which vai’iijs as the speed of the 
vehicle. The third is due to the air resistance, which 
is ])roportionale lo the square of the speed and equals 
•002o . A . V^where V in ih(‘ sjieed in miles per hour 
and is the pioj(‘eted ai'ea of the cai* m square feet. 
The fourth factor, that due to gradient, is equal to 
W 1 . 

where is the gradient, as illustrated in Fig. GO, 

Jy d/ 

and \V is the weight ol the car ; this resistance can be 
ohtaified graphicallv as sho'vn in the liottom part of 
the li^ure h\ finding The resolved part of the vertical 
force W m a direction parallel to the inclined road. 

Brakes. ~h would be as well to consider at t’lis 
stage the mechanics of brakes since very similar cal- 
culations ai’e re(pured. Suppose a car ol weight \V 
lb. to be moving with a speed of v feet per second, its 
» Wt'" 

kinetic en#rg\' will be H it is desired to bring 

the car to rest within a distance d feet by applying 
the brakes on* thtf drivii/^ wheels, and using the 
maximum braking force of 0*G FI, where 11* is the 
load on the whetsls, we get as onerg}^ absorbed 
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jo 


() .n,(h 


W/- 


The hub brakes will take* the ‘ bi’aking ‘power 

equally, the necessary niaxiinum tangential forct^ 

which should lx* applitul to each brake' i;iin being 

Diameter of wheel 0*0. H r ,i r .u . 

_ — — _ X . It follows that the 

Diameter ot 1ml,' 2 

normal pressures of the braking sui-faces against the 
brake drums is equal to this tangential force divUled 
by u, a bt'.ing the coeflicient of friction, which 
prt'ssuro the cam actuating gear must be dc'signed 
to give. 


Question 1. — An engine is turning at 1200 revolu- 
tions per minute when propi'lling a ci-p* Jit -15 inik's 
per hour on t<»]) gear. If the load wheels are 32 
inches in diameter, wdiat is the gi'ar ratio? 

(Jucstion 2. — What fl. P. is reipiired to move a 
motor van weighing 3 ‘5 tons at 12 ni.p.h. along a level 
road, the tractive foi’ce to overconn* all the rt‘>.islances 
being oo lb. per ton ? 

(Jiicstlou 3. — If the car in Q.'*2 w’ei-e toclimbahill 
of gradient 1 in 13 at the same speed, what extra 
II. P. is inquired ? 
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FUAMKS AX]) Sl'UIXGS. 

Thk main tVanin n])on which the eii^^ine. transmis- 
sion < 4 ear and 4)ody-woik is mounted is itself carried 
hy springs on the front, and rear axles. Two .side 
memhors A, shown in Pig. (>1, and a numher of cross 
momheis constitute this main frame. The shape is 
dependent c^i two factors, namely the load (this 
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include', not only the dead loail hut ils*) the manner 
in which it is disti’ihiited), anil the p ovi^ion of 
ample fi^cilities foi- the parts moving relatively 
thereto to perfoi-m their movements. 

In order to e-omply with the lattei- condition the 
side memheas an^ inswept at the front to provide a 
good lock for the steering wheels, a»id uot infre- 
quently swept up over the hack axle so that the 
( 108 ) 
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t movement of tho back axle relative to the ftame is 
possible whilst tat the same time the frame as a 
whole is kept low, anti large diamete;; wheel, s may be 
used. 

Whei-i heavy bodies are“ to be fitted, ke^eping the 
centre of gravity as low as possible must Ife remem- 
bered as an important feature in the desij^n. 

Since abi'upt dnanges in direction are a source of 
weakness it is usual to construct th(! membei'S ^ at 
such positions C with wef)s which are either integral 
therewith or riveted thereto. 

Looking at the side view of tho frame, it will be 
seen that the depth of the mcmhers A is greatest 
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in the centre, the reason for this !)eing that these 
members are acting as loaded beams and hjive 
been designed accordingly. A bending moment and 
shearing force diagram should ,he drawn wheiiever 
the necessar) data is obtainable. The toisional 
forces to which the members A are also subjected is 
not inconsidcJ’ahle, but their value is diflicult to 
estimate, and tlic factor of safety used is large. 

As an alternative to deepening the side members 
at tho position of maximum heuding, light girders 
may be emplo}ed as shown in Tig. 02, a^d where 
lightness is a consideration, holes are diilled along 
the neutral axis as indicated in dotted qircles. 

The end^.B of the members A ‘'are extended to 
form the dumb irons to which the springs are 
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pivoted or shackled, and also for carrying tlie petrol 
tank jn Qases wTiere the latter ig attac);iod to the rear 
of 4»he flume. 

Kollcd channel steel sectjons, Fig. 63, are stronger 



Fin. Section throne'll Fkj. G4.— Presficd 
rolled oliannel fiteel aide ateel Bide mem- 
iiieiiibcr. ber. 

at the root than th<* usual jiressed steel section, Fig. 
64, now emjiloyed foi- side inenibers. The resistance 
of the jiressed steel section to torsioii is therefore 
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not so great as the channel form, and uzguuien\ has 
been forthcoming^ to show that this is in its favour 
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since it can gi^e and not bre?k under these forces. 

Steel tubes, ly^viiig section as shown at A ^ 

'in Fig. 65, aiOi-not now 
used for side membors 
except in 'very small 

and choa]^). cars but are 
used for cross mem- 

bors, Another section 
wliich is useful for 

constructional p u r- 
poses is of inverted U shaj)e with ihtnges as shown in 
Fig. 66. 

Cross meinliers as shown are us(‘d to stin'en th(‘ 
frame, some of them being also made to act as 
supports for the radiator, engine, birake and clutch 
actuating pedals, gear-box, tonjue reds, and similar 
parts. 

Considering, in the order s(‘t out, tliO'^e cross 
members, the modern arrangement jirovides not so 
much foi‘ lli<‘ su])pojt of the ladiatoi but foi' ‘the 
maint(‘naiice of a constant distance lietween die side 
members at thi^ position. ‘ " 

Whether the engine is carried li\ cioss niemhers, 
by lugs or on a se.parale sub-frame, the suspensiGn 
is usually on the three-point system. One method 
of putting tins into practice consists in pivoting the 
frolit lug A, Fig. 67, to a cross jiiecii ab and liolting 
the rear lugs CD to the cross ])iece, cd. J5y so 
mounting the engine the crank case and othoi' parts 
do not become strained when the main frame is dis- 
torted. 

Springs . — As far as possible, the main frame is in- 
sulated from shocks likely to cause distortion. To 
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this end springs are •inter])Osed between the frame 
and Uhe Iront and back axles r^pecti^;ely. 

Mecharfical and fluiJl springs have been used, the 
former being almost universal. Of the ordinary 
subdivisiot^ of mechanical springs iutg^he spira. and 
the laminated typ(is, only the latter need be con- 
sidered. 

Beside yielding to shoc.k the springs have to 
absoit) the eneigy and quickly damp the oscillations 
set up, and it is because laminated or leaf spi'ings 
possess this jjiopei ty that they have been adopted. 


a c 



Fjo. (37. - rtuee-poini ^uspon^ion. 


Where 7 i is ihe^iuniber of leaves forming a lamin- 
aU'd spring, 

jr is the width of each leaf, and 
t is the thickness. 

.Also L is the ovci’all length of the sjiring, aim 
c i»*a constant = 54000. 

Then d the deflection in inches per ton load is given 
1 )\ 

/r . /-■' . n .c 
and 
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W (thb load in tons) = 

. * . L ' 

The number of oscillations *per ifiiniite fsUboufr 90 
for the front sj)rinjTs and .110 for the hack. 


Ifront S/MVJc/.s. —Th(!so are almost invariably of 
the somi-elliptic variety illustrated ii^Ei^r, fi8, the 



leaves bei,,^- [.olted together at (’ and to a 

plate A on the Oont axir i!. Tli,- forward e„d is 
pivoted at J) lo th<' duml) iron H, and ib,. rear end 
la attaelied to tbe side member (1 of the frame bv 
means <,f a shackle R The an,,ne„„„.,„ „ 

that the , springs are siiuati'd immediateh under the 
rnembei' (i. 



spriii.v^ thrRc-quurtRr clfiptie 


Hear S pr hup. — ihroespiarler, and full 
elliptic .are equally favcMred, byt ih all case.s the 
sprintfs are situated outside the vertical plane of the 
side mornbris. In the three-quarter set shown in 
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Fig, 69,*l;he upper quarter is carried by a bfacket'A 
which is bolted«to the frame B, and is connected by 

a shackle C to the roiv end of Ihe lo\fer ^alf. The 

• • • • 

forward end is shackled to a bracket J) whilst at the 
centre it ie secured to Die plate on J-he rear axle 
casing. 

In those flases where the s})rings an; ])ivoted to 
the frame, it is iisaial to utilize the spj-ing to trans- 
mit the tractive (‘ttbrt to the frame. When the 
rear half is so used, the spi'ing is placed under 
tension, atid if tl^e front half is used the leaves are 
in com];ressioti. 

An arrangement which is fairly common, consists 
in connecting the I’ear (aids of the back sjirings when 
of the senii-elli])tic tyjie. b> a tiansverse spring 
which is iittached at its centre to the rear cross 
fnemher of the frame. 

Tht' cantilevm' form of susjiension comprises an 
inverted half-ellifitic attached at the centre to the 
frame, one end being attached to the rear axle 
casing and tht* oth*‘r, the inner eiul, connected hy 
means pf a sliackle wi'#li the traine. 

V point to notice is that the shackles and jiivots 
must he iii'ovitftHl with grease luhricators, t ad 
means for greasing the h-aves should lie piovided. 
Ill the cast* of the shackh's, the attachin nt to the 
frame more often than not is hy means of .vbat is 
practically a universal joint, thus giving movement 
in two planf.*s. 

In addition to the main sjirings, two others are 
sometiiuos ust*^ Buffers pvheii titled perform the 
function of taking flit* tinal movt'inent of springs 
relative to the frame in cases of excessive motions. 
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Snpplemntary springs, which take the •form of 
spiral springs ‘fitted in place*of the rear shackles, 
really act to take the first pai^ of t]ie relative motion 
of compression and the last part pf the return move- 
ment. These springs mbst on no acco#-int have a 
periodicity which is equal to, or any simple factor or 
multiple of, the time of oscillation T)f tlie main 
springs, other\tnse sympathetic vibration will result 
and violent oscillation of the whole system occur. 

Note . — A full B.M. and S.F. diagram for tlu* side 
members is given in the “ Autonv)hilt' Ihigineer ” 
for August, 1912. 



CHAPTEK Xril. 

FUOKT AXLES, STEEUIXG GHAIt. 

The front axle is raado of steel with a H -shaped 
cross-section. , 

fii some forms the axle is straight as seen in front 
(jlevatiori, in others there is <a drop])ed central portion 
to giv(‘ the nec(}ssarv cK'aranco to the starting handle 
bracket, and ii^ addition the ends are raised to allow 
for wheels of ariy desired large diameter to be used. 



I'lfi. 70.— Front axk*. 

Such an axle is illustrated in Fig. 70. At rhe posi- 
tions AB the upptM’ Hange is widened and stdloned 
to provide an anchorage fo)- the. springs. 

The end^'are shaped to lake the steering centres 
of the front wheels, two kinds being in general use : 
(1) an open forjc as in Fig. 71 ; and (2) a .solid end 
drilled to take the j^ivot piece as in Fig. 72.* , 
Kegarded from a mechanic’s point of view, the front 
( 111 ) 
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axle is a<beam loaded at four points. The ihearing 
force and bending moment diagram slfould ho plotted 
out as in the c^se of Jhe side naemljers. Ip addition 



Fig. 71. — Open-ended front axle, and whrel mounting. * 


the front axle has stand twisting forces when the car 
is moving ; the maximum amount of twist occurs 



Fio. 72. — Solid ended front axle, 

• • 

when .ouf) 'spring is under a maximum load and in 
its flattest condition, whilst simultaneously the other 


^RONT AXLES, STT^ERING OEAR 

’ m 


sj)rinf( is iinddr a reyersii load duetto a wheel heiiig 
oil j-ho^nmincf. ^ 

, Whc<^,l^M(umlintjs.*~Th(‘ axles for thT- wheels are 
attached to iriemhors which are jjivoteJ to the ends 
of the froflt axh;, and aix* in consequejice of two lypes 
dependinj upon tlu' form of the axle ends, s(‘e Fig. 71, 



Fii.. Stt'criiif' cnniH'Mmi.s. 


in which the axle is ]U‘ovided with l)t‘arings 

for th(‘ wlieel huh, and Fig. 7'2, 

Linkaijes . — These members each have a project- 
ing arm or*steering lever C, Figs. 70 and 7d, w^hich 
are coupled togeth(*r by a rod 1). The oiT-sid(‘ jdvot- 
ing member is iilso provided with a second k'ver E 
which is coupled by a di'ag link F to the* siVering 
mechanism at the bottom of the steering column. 

8 
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The general arrangement of the gear just described 
and operating on the Ackcrmann SystCiVi is as shown 
in Fig. 73, the coupling rod being behind the front 

axle, and the drag- 
link horizo.ital and 
parallel to the main 
side member of the 
frame. The drag link 
is usually tubular and 
made with a ball and 
socket joint connexion 
to th(^ link as in Fig. 
74, whereas the coupling rod is connected to the 
steering lovers by knuckle joints (Fig. 72). 

In Fig. 75 is illustrated diagrammatically the 
wheels when the car is going straight ahead, and the 



Fig. 74. — Ball and socket 
joint. 



front wheels are also shown dotted to represent a 
turning movement. The Instantaneous Centre (I.C.) 
of the car as a whole when it is turning should be on 



fRONT AXLE^, STEERING GEAR 115 

the lin*e produced throuf^h the back axle at %ome Such* 
point as X. • 

^ Suppose a rigjd member such as a c(?nnectmg rod 
to be moving so that at auy given instafit the direc- 
tion of metioii of })oints such as A an,d B be known. 
Let the directions be as shown. *Draw lines AI, 
BI at right* angles to these directions to meet in I 
(Fig. 76). 



I'ltj. 76 — liihtHiituiioouK cM'ntre. 

Consider ihe point A, its direction of motion is 
tangential to any circle passing through A and with 
centre on A I. 

Sinliiarly the ))oint J3 for the instant under con- 
sideration coul^ be moving on any circle passing 
•through B and with centre in Bl. 

The whole rigid bar can therefore be considered as 
turning about a centre common to A and ih viz. I. 

This centre is known as the 1 nskmtane<*us Centre. 
• 

Similarl^" with a car. The radial line for the back 
wheels is always somewhere on the axis of the back 
axle. Conseqiwntjy when* the car is being turned the 
radial lines for the front wheels should m^lersect on 
the axis of the back axle, at the l.C. of the whole car. 
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Within*' certain limits this is obtainable by coupling 
the steering arm, so that on being produced they in- 
tersect on the back axle (the *vvheols being in the 



I’l'.. 77. 


straight ahead position). Actually they are made so 
that the intersection is on the middle line of the car 
and about' ^*75 of the total distance between the two 
axles from the front axle. 
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A moditied arrangement consists^ in moTinting'the 
conplini; arm* in guides, so ^ that it has a sliding 
moveuier^t only^ 

Tn all cases the joints and pivotf.‘d members 
should 1)» adequately lubricated, an4 furth(?rmore, 
since tlu^ are all in th(5 front of fhc cai’ and near 
tlie ground* they should he covered up to prevent*' 
dirt getting to tfie working parts. 

Between the steering wheel itself and the drag 
link, and (larried in a casing mounted on the off-side 
main frame, is.the actuating mechanism which has 
the ])ro|)erty of “ iri’eversihility ” ; that is to say, 
although the steering wheel can he moved to turn 
the fi’ont wh(i{‘ls, yet the fi’ont \vheels cannot move 
th(! steel ing ^’h(‘el under the action of road impact 
forces. This property is very valuable since the con- 
stant!}' vai-ying road shocks are not felt hy the driver. 

Tlie g(‘ariiig is usually of the worm and sector 
ty])(' as in Fig, 77. The worm itself should b(‘ so 
iqounted, (sfht'r with hall hearings oi‘ with distance 
])ieo('s, that lost motions due to wear can he 
ri'adily takon \\p. Iw this connexion it may he as 
well to note that com])k‘t(‘ worm wlu'cls art* some- 
times lilted instead of a st*ctor, so that when one 
part W('ars the whet*! can he turned about to gi\e 
a frt'sh set of working U*(*th. 

Tn a second tvjie, a nut slides up and Uowiron a 
scr(*w. The nut is prevented from turning and is 
provided ^’ith lugs as in Fig. 78. One end of a 
pivoted l(*v»'r is forked to engage the lugs, the other 
end having the»usiial hall j^nd socket joint connexion 
with tin* drag link. 

Returning to Fig. 77, it may be noted that the 
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Steering rJd is hpllow and that* through it pass the 
rods which operate the^ controlling levers of tihe car- 
buretter and ‘'magneto. These tods .^ire operated hy 
levers moving over quadrants as shown in the plan 
of the steering wheel. * 

The method of mounting the steering* box and 
column is clearly shown. 



Investigation of the ju’oblem of easy stt'cring has 
conclusiviily shown among otht*i' things that the 
pivot axis of a front wheel when })rodiK;ed should 
pass through the point of contact of the whe,el with 
the ground. When this construction is adopted 
there results a noticeable diminution in the elTort 
required for steering, and there is also an increased 
longevity in the life of the tyres. 


CHAPTEli XrV. 

CLUTCHES. 

In the general arrangoment shown in Figs. 1 and 2, 
the first mi*mh(‘r of the transmission system is the 
clutch, it being the connecting link hetw(((m the 
engine and the gear box. A clutch is defined as 
follows : “ A clutch is a nu'chanism foi* coupling or 
uncoupling together two shafts om* or both of which 
is or are in motion ”. In the jiaiticular case we are 
considering the engine shaft would be the I’evolving 
shaft and the clutch shaft eitluu* stationary or revolv- 
ing according to circumstanci's. 

, The function of the clutch is to jirovide a means 
for jLincoujiling the priinaiy shaft in the gear box 
fron^the engine shirft when changing gear, or under 
emergency conditions when stopjiing the car sud- 
dei^ly without Stopping the engine, the gear lever not 
being in its neutral position. 

In the majority of cases the clutch is bolted to, or 
is ill part forriKsl by the fly-wheid of the •ngWie, the 
fowexce])tjons being found on cars where tlie fly-wheel 
is fitted fti front of or in the middle of the engine. 

Broadly classified, there are four types of clutches : 

1. Cone. • 

(a) Direct. 

(b) Inverted. 
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2. Disk. 

(a) SiiiglV. 

(h) JVIultq)le. 

3. Ex})anding coil or band. 

4. Miscellaneous. 

It is essentia’ that there should he arsufficient 
gripping power at all sptieds and under 'severe and 
sudden strains, fiiere must h(‘, no iTndue wear and 
no tend(incy for it to work out of gear, engagement 
and disengagement should occur easily and without 
shock. If it is intended that the; clutch shall he 
slipped indelinitfdy, then provision must he made 
for conv(^ying away the heat which is gemu’ati'd as a 
consequ(3nce, the calculation of the (juaiitity of heat 
evolved being easily mad<*. Tin* action of an} clutch 
which falls under either of the fii st thx'c class(’s set 
out above dej)ends u])on tiu* fiiction between two 
surfaces which when brought into contact have a 
relative motion. 

In its elementary form the direct com' typo com- 
prises a conical member attached to tIu* enginti shaft, 
a corresponding part, and a inaj^* cone on the trans- 
mission shaft adapted to he h<‘ld in engagement with 
it hy means of a spring and to he d'sengag(*d hy a 
lever. 

In Dig. 79 a section showing the nm of the uialo 
cone iiiemhei- is given with a view to calculating the 
thrust of the spring and its ndation to the dimensions 
of the clutch. 

Let T be the thrust f>f the spring. 
n he the coefticient of friction, 
r, the niean radius. 

0 the half angle of the cone. 
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n*th(3 maximum horse-powef to h& trans- 
mitted Hit 

n revolution por«minute, *and 
P the normaljjr(’ssure between thesurfaceH in 
(jontact. 

Then, if 4hero ia no slipping, 

• jr __ u .V .2 . TT . r .n 
• ^33000 ' 

Now tan 0 == sin 0 1 a])prox., so that P = 5 T. 

ConWjuently by substituting, we get an equation 
for T involving kpown or obtainable quantities. 



Fi... 71> 


In both the din'ct an4inveit'‘d cone types, thi' male 
portion of aluininiiun or pnjssed steel is faced W’ith 
leather whilst l]i<f female ])art is of cast ii'on The 
eiigine shaft is jeolojiged to form a spigot whico 
takes into a bole, with or without ball be.irings, in 
the transmitting shaft, thus ensuring thi ai muient 
of the two shafts. (^an* must be taken that the 
spigot bearifig is well lubricated. One advantage Oi 
the inverted type, an exanijih; of which is given in 
Fig. HO, is that, no dirt can fall ujion the leather 
wh(*n the clutch isVilhdrawn, a further fiilvantage 
is that it is easier to obtain a mechanism without 
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eiid thi^dst. Many devices have been tried in order 
to ensure easy engagement with the^- cone type^. In 
one form tsmtUl flat first-inteatioij springs .fbro fitted 
beneath the leather, in another {orm the female part 
is scctionally split and in some cases small rubber 



rollers are })laced at intervals around the p(‘ri])h(‘ry 
of the leather. 

A form of clutch- withdrawing mechanism wliich 
demands only a light pressure on the foot ])edal is 
that shown in Fig. Hi. It is the form used on the 
11*9 h.p. Humber car. , An open frame pivoted to 
one cf t!ie' side members is coupfed to the clutch and 
operated by the small part of the belbcranked foot 
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pedal. This clutch h?js a light encK^smg end piede 
so thg,t it runs 4ii oil, the leather. being always in a 
prepared, st^te. TJio |fedal for operattng*the brake 
and the foot acceJ orator pedal are also shown. 
Many fornif; of joint provide for thp sliding of 



I’lii. SI. — CliiU;h 

the clutch, thfit shown comprising four pir»- with 
curved husl^js, which not only takes the drive hiu 
acts to some extent as a universal joint. 

Only a few cars are fitted with single plate 
clutches, the best known ‘Aeing the D(‘J)ion and 
Phoenix, whereas the multiple t}pe is comnionly 
employed. 
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• Multiple Disic Clutches. — Fig. 82 shows a Hele- 
Shaw clutch in which a number d disks made of 
pho.sphor- bronze are notched to engage keys on a 
casing bolted to the fly*wheel. Supported on a ball- 
bearing on the end of the crank shaft isia steel core 
B which is connected to the clutch shaft. This core 



Fk;. H2. — Hde-Shaw clutoh. 


has keys which engage notches in a numlier of steel 
plates, arranged alternatively to the phosphor-bronze 
plates. The plates run in oil, and to prevent them 
from sticking when the pressui'e is removed the 
outer plates are fitted with small flttt springs which 
are iu ootn])ression when the clutch is engagfid. 
The plates are held together by a disk E under the 


CLUTCHF^ 


125 


action of a spring F, the tension of fj|e 8pri5g*heiftg 
adjustable thro*gh the cap G.^ The clutch shaft C 
has^ a c^ned brake J> which prevent • spinning ” 
when gear changing. * 

Not a few multiple disk" clutches ai;e now fnade 
with cork •insets in alternate platSs, the deuign 
emanating fr?)m America. 

An example of class H is the clutch* of the Metal- 
lurgique in which the boss of iho lly-wheel is formed 
like a brake drum and on the clutch shaft ai*e carried 
expanding sho(‘s, the friction faces being metal-to- 
metal. The coil clutch is l)ased on the principle of 
a rope brake, the coil consisting of a lubricated steel 
band wound round a drum of cast iron or cast steel, 
the cross-secticyi of the band not being uniform, 

Tn the miscellaneous section may be included hy- 
draulic clutches. In its elementary form the clutch 
comprises a pumj) and a water motor. The pump 
being diiven by the engine jind dj’iving tin* motor 
which is connected with the rest of the transmission 
system.^ In some cases, as will be shown later, these 
hydiauljc clutches ar(* #variabi( spf'ed gear mechan- 
isms and replace the oj'dinary gear box and even the 
differential. 



OnAI>TEH XV. 

SPEED GI-UHS AND liHAKEH. 

It folJowH from tho siihjoct-mattc'r in the cliapter on 
Tractive I^orce that the jiower to the road wheel 
must vary with varyiii,^ conditions. Now since there 
is a definite maximum output fi'om the (‘nj^nrie it 
follows that if the force ex(‘rted is to he inci'cased the 
rate at which it is applied must ho decrt^ased, and 
vice versa. 

It must also lie remembered that as the engine 
revolutions diminish so tin* })ower diminishes, and be- 
low certain speeds this falling off in power proceeds 
with increasing rapidity. In the joint circumstances 
the engine revolutions must lx.* kept uj) in order to 
get a big output, and yet the revolutions of the driven 
part must he kept low, a gearing of some sort is then 
necessary. 

Tluu’e is also another re,ason for using a gearing 
in the transmission .system, as an ordinary petrol 
engine is not )*eversihle, and therefore if we want to 
reverse the car, a reversing gear is necessary. 
In Chapter XVIII, dealing with othei’ ^-ansraission 
systems, W(; shall di^al with gears oilier than mechani- 
cal, so that it is pro])os<‘d to confine this chapter to 
mechanicyl gearing. These are practically divisible 
into three kinds : — 
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* Fio, 8.'J. — Gear box (pate change), 

secondary, should be kept as short as possible in o^er 
to reduce whip. The secondary shaft is sonn. times 
known as the lay shaft. The bearings must he de- 
signed to pnfvent oil and grease from extruding, a 
» large cover on the top of the gear box must be pro- 
vided to facilitate; inspection^ of the pinions, and a 
drain plug placed at Ihe lowest part of the ftcx. * 
When gate control is adopted as in the gear box 
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filustnlTced 8,3, the 0 ])erating lover has two 

movements, a sliding and a I’ockinc? movtmient, the 
design hi^n^ such that the « rod M, shown also in 
Fig. 84 at the i*oot of the gear lever N, engages with 



the stivking bar K 
when ihi lever is free 
to moVe in the inner 
phrt lli of the gate, 
and with the bar L 
when the lev(‘r is in 
thf‘ outer arc 2, 3. 
When (Mther of th(5 


striking bars, or as 
they are sometimes 
called selector rods, 
is moved longitudin- 
al!) , the forl\(‘d arm's 
theieon cari'y with 
lliem oiH' or other of 
th(‘ gear whc'els 2', 
1' into engagement 
with tht' ])i,nions 2, 

Nl.-Spee,l hnc'l- an,l ' O" l'"' J''- 

oj* t}u‘ (log clutches 
3, 3' engage to give a direct drive from the clutch shaft 
0 to the universally joint(‘d main-driving shaft 1). 
Thp shafts C, D, E have hall-hearing mountings in 
the gear box A. Pinions 4, 4 couple the shaft C to 
the lay shaft. ' 

In order that the reverse gear may not h (3 put in 
operation inadvertentlyj the gear lev('r is jirevented 
from moving into nwerse K by a stoj) 8 until a suit- 
al)l(‘ catch on tlu; rod N is lifted. 
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The "ears themselves are of casc^-hardensd* nickel * 
steel and the shafts foi* the slidin" ^»ears are either 
squared or castellated* » * 

Jn 85 the "oal^? and selector mechanism ai‘e 
clearly shgwn. Tlu' ^eajr hox has^aii extgnsiou 
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latos only in erne plane, the sliding gears, per- 
manently coupled thereto, being moved in order 
from first to lecond and second to third speed. 
Notches in tlio quadrant indicate when a gear is 
engaged. This control has the objection that the 
gears can be Of»-sily overrun and that th(‘ gear lx)x 
has to lie long with possible wliippiaess of the 
shafting. 

Epicifdlc (fear . — The mechanical principle un- 
derlying the epicyclic foi m of gear is dependent on 
the fact that the intermediate pinions, called planet 
pinions, are mounted on stub shafts carried l)y an 
arm or plate which is free to rotate on its axis or 
may be kept stationary by a brake, the two cases 
giving dilferent speiid reductions oj’ rev(‘]-sal. These’ 
planet wheels gear with jiinions on the di*iving and 
driven shafts. 

When these shafts are j)<)sitiv(‘ly locki’d together, 
the pinions and the casing rotate solidly. If the 
casing is braked then tlu’ drive is takcni tbioiigh the 
pinions as with an ordinary geai-, and a speed reduc- 
tion or reversal of the drivim s,haft is obtained. 

Although the gears are always in mesh so that 
the act of changing gear can he per^'ormed silently, 
yet the gear itself on anything but the top is noisy. 
Another point which is not in its favour is that a 
thin *oil must he us(xl for luliricating the journals of 
the planet pinions, otherwise there is risk of the 
pinions seizing on theii- stub shafts. This oil has a 
habit of leaking along the shafting, and besides 
being an annoyance is wasteful and needs constant 
renewal. ,, . 

Brakes . — Two sets are usually fitted, one at the 
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rear of the ^^ear bo^c on the coiuifcershaft, and a 
seccyid get on* the rear whet^s.* In the first case 
petJal autiigition ifi einpby(‘d, and in tfie second case, 
a hand leaver acting thi'ou^h cornjxinsatihg nn^chan- 
ism rs used? Tlie hand lever is mounted on th(' side 
frame nnuflhei' upon whicli is also a rack. A pawl 
or Ciitch on Ihe l(*V(‘r is adapted to ^ngag(*, the rack 
whereby the !)rakes may lu* ke})t on, 

Co^inlerHliaft f^rake^i.~h^ Fig. Hhthe braking sur- 
face com})rises shoes freely pivoted at th(‘ir centr(*s to 
t\¥0 aims, then^elves pivoted to the cross-niemher 



of tin* fvaine. Tlu' trei* ends (,r the arms are coupled 
to till' brake I’od in such a inaniK'r that on di‘}»ressing 
tjie hr^ike jx'dal the ends art' drawn togt'ther and the 
shoes are prt'sst'd evt'uly to the brake drum. Two 
set screws ai'e used to prevent the shoes o-on n^kUi^ing 
against the drum when the hi-akt' is off. 

This form of hiuke belongs to the locomotive type. 

. When tht^ arms which aie pivoted to th<* cross 
frame jii'ovidt' the brake surfaci's, instead of the 
separate shoes, the brake is talk'd a contracting band 
brake. 

The essi^ntial rixpiirements of any brake are : (1) 
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It must he reliK])le, (2) must he powerful enou^i^h to 
sto}) th(‘- car on a hill, (3) must be ea’sy to ,}jut into 
action, (4) must keep cool, (r))'’must ))(; able to pre- 
vent a cai' fi'om forward and re.ai'ward movemffnt, 
and (()) must mot bind or j^rip. 

Brakes of the' contracting^ type do not fullil condi- 
tion (5). 

For tlic r(‘ar-wh(^(‘l brakes the (‘X]>andin^" ty])e is 
used. The internal surfa.c(‘ of a drum bolted to the 
wluH'l is acted on h\ juvoiiul brakin;.^ jirins, Al>, Fi^. 
H7, whicli are o])ened out or ext)a..ded ajjjainsl the 



Fii.. s7. -E\pnu<lin^ hnikr on i-fur wheels, 
action of a sprinf( S by a cam (’ which is actuated 
hy lovers flora the sid(‘ U‘vei\ Althouf^U the acting," 
surfaces were usually metallic yet reciuit practic(^ 
sees the usi* of jiriipariYl asbestos . D on the arms, 
w^hich ka^ the advantage of a hi^dau’ coeOicient of 
friction. Tlie ])osition of the lirake drums and 
actuating levers arc also given in Figs. 90a and 91. 
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THE HACK AXLE, CAJtDA.N SHAFT. UADI I S UODS, 
TOUQI K UODS, ETC. 

THik I)ack ^ ill Lwo parts wliicih arc moiintcil in 
a casin'^. The inner end ol ('ach shaft cari'ics a 
hevt‘1 or spur pinion, and the outer ends are formed 
with do;^N, k(>ys oi similar clutches to convex the 
drive to th(‘ I’^id \vhc<‘ls. 

. m(‘chanisin called the dilVerential is used which 
enables tlu' two shafts and road whecds to rotate at 
dil’fei'c'nt Speeds wfien the cai‘ is moving in a cui’ved 
[lath. The two ;teai wheels on the inner (uids of the 
slfiifts enLtii;;e the oppiNite sides of similai' ^(‘ar or 
planed w lieels which aie fn ( 'o revolve on theii- own 
spindlt's, Tiiese spindles a.r(' earned h\ a casing 
which is bolted to the hevid oi' worm wheel which 
takes* tlie diive Iroiii a hevf'l or w’orm on tlu' le a- 
(lai'dan shaft. This ^haft thus eoniu'cts the i-ear axle 
to the meal ho\. The differential hov in 

hall or roller hearings in the main axh‘ Citsinm,. 
Wluei the^^ar is proceedmm in a straight line tlu' 
box and ''heels rotate solidly, hut when the 
car is taking curve, the planet wheels revolve in 
their axes so a^ tg ])e)'mit»relativ(‘ movement of tlu‘ 
dn’vinm wheels. 

Since tlie driv^m wheel on the differential is moving 
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relatively to tho-maiii frame owing to its spring sus- 
pension, and the end of drivinjjf shaft Vhich»proj3cts 
rearwardly fi’om the gear box has no relative 'motian, 
allowance must be niad(i for changes in length and 
inclination of‘‘th(‘ cardan or propeller shaft which 
connects them. In general, at the gear-box end is a 
universal joint and at the diffe-entiaj end is a plung- 
ing joint. Tlie construction of a ))lunging universal 
joint is as follows and is illustratt'd in Fig. HH, At 

th(‘ end of th(‘ pro- 
pt*?i('r shaft is ‘a 
!arg(‘ hard(!n(‘d pin 
carr\ing a hard- 
('lu'd steel block, 
which is fr(‘e to 
rotate uj)on the , 
])in. The outer 
sides of th(‘ block > 
are rounded, and slid(' in a coujile of hardiaied 
parallel grooves formed in the foiwvaid tubulai’ ex- 
tension of the dilferenlial gear shaft. 'Fluist' g2 00\'es 
ext(*nd foi’ a few' inches, and the combination ‘of ])in, 
block, and groove's provides a univi'isal joint that 
can slide to and fio. 

The stud('nt should plot a diagram of angular 
V(;l(»t h. s of the cardan shaft foi‘ a seh'cted inclination 
of th?! shaft ascompartid with the uniformly jotating 
gear shaft. » ^ 

Th(* universal joint shoidd bt' housed in and he 
foi’med with elhcient lubricating means. 

In the form of differenvial shown lii Fig. H9 bevel 
drive is ehi])loyed and Tiiriken hearings used thiough- 
out, the diderential being at the centre of the back 
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axle so that the two*parbs of the aAle are equal in 
length and the load on the casing Js ^eqiial. The 
driving • I )»vel.itsi3ll‘ oyei-hangs its forward bearing. 
A section is given'of th(! female pai’t of a plunging 
joint of thS kind pictoi'ially shown in I^ig. 88, 



Jiy placptg the differential out of tlu* c<*ntje line, 
the bevel on the proi)eller shaft can he })rovidt‘d with 
an end bearing, but the casing is niort' complicated 
and the load fs »ot eqiui^ly distribut(5i^. A bettci- 
construction is obtained as in Fig, 90, the driving 
bevel being suspended between two bearings. The 
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(lifiei'eiitial in \his case is liiade up with s])ur 
pinions. 

When a worm drive is eiv])loyed, the \\^orm‘is 
easily, jn’ovided with an vnd beaiin^^ and with the 
central didei-enUal. On th(‘ score of elliciency and 
silence there is now vei-y little to chopse between 
bevel and worm drives. The sanje apjdies to the 
cost of production of the two forms. 


I 
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uar the ordinal) parallel screw U jie of woi'in, 
the llindley or Lanch(‘sler woini is used which is 
concave to correspond with the wajrni wl*e»*l wdiej’eh\ 
more len^tli of thread is in (‘iij^ai^ement. 

There ai-e neail\ as many kinds ol^ axle casin^^ as 
th(*re ai-e cij.rs, hut tlie teiiAenc) is vowairds i he use of a 
central casin^^ to whiijh is bolted two jiresscd steel 
conical sleeves. The sleeves are foriwod with seatings 
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ar(' sonH-tiiiie-^ used to cofM' with the vertical 
arid hoi'izotital hendiii^^ inorneids on the casin^e 
If (he whe(^ls are mounted on the axle casing, 
l‘ij 4 . 91, the (^'ivin,^ sha.ft'^ onl\ transmit the power 
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hut do not su])poft tht‘ b5ad The coni}il(‘t(' axle 
with tliis arran^amamt is said to he o( the “ fidl- 
lloatin^ • • ^’his illustration also gives some 
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Idea ot the metviod of iiiountinv< the brake drum and 
brake operating leven, 

Jiadius Bods . — These aro eiiipioyod to Miaintain 
the back axle always at right angles to the main 
side frames "under all conditions of springing^ and 
tractive cfTort, and for this purpose are ^usually fitted 
parallel to tlio aide members and aj;e attached to the 
axle casing at one end and to th(‘ skh; members or to 
on(5 of the cross memlKU’s. ^lore oft(‘n than not, 
the springs act as radius rods, being })ivoted at 
one end to the frame. ‘ • 

Torque Hods . — The driving and braking strains 
upon the axl(‘ casing, although sometim(is tak(*n up 
by the springs, should l)e taken by I'ods oi* tlu'ir 
equivalent d(‘signed for that ])ur])(^e. Jn some 
cases the rods can eh’ectively act in the dual 
ca])acity of torque and radius rods, a construction 
which allows this conqn’ising a V-sha[H'd frame* 
pivoted to a cross member at tin* apex of th(‘ V arid 
attached to the axh* casing by U l)rack(;ts. 

In a form which is increasing in favour, tk(‘ pro- 
peller shaft is enclosed in 'a tubular casing, the 
forwaid end of which is carried by the ci’Oss member 

I 

upon which the rear end of the gear box ie sus?- 
ptmded. The centre of this univei’sal'joiTit sus])en- 
siof^ c>uld be in line with the main universal joint 
of the propeller if it is to function j)ropei‘ly. 

In another form which is light and etlective, a V 
frame or “ banjo " frame is placed in a vertical 
plane, the largti end is attached to thp axk} casing at 
the top and bottom, and ^t the smaller end is a spring 
suspehde'd from a ci’oss mombei* as in Fig. 92. 

Chain Drive . — In a few commcircial and in tour- 
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ing cars for the colomes and other Countries where 
a hi^h aiearantje is ^lesirable* tfui .difeential and 



crRss shafts aiv mounted in the g(*ar l)Ox, tiic o'lter 
ends of th(' shafts liaxing sprockets which drive ])y 
chain to sprockets on the road wheels. 



CJIAPTHU XVll. 

STK\M (’MIS. 

An exjimiimtion of th(‘ cliassis of a stt'arn car jvveals 
quite clearly tlu‘ essential dirferc'nce^ hetweon it a id 
the chassis of a car fitted wiili a petiol eiigiiK*. Thu 
additions comjirise a water tank, a water ])ump, 
a steam generator, and a fuel jiump. The parts 
which do not apjie irai e the magneto, Vlie carhun'tter, 
the clutch, gear box and sometimes the cardan shaft. 
The frame, front axle, st(‘ering gear and bac^k axle 
an; pr.ictically cfinimon to both Uqies of car. 

The st(‘.am engine has been neatl\ doscribi'd as an 
external combustion engine, it ih consi'cpuaitls ik'- 
cGssary for us to deal with the engiiu* and jhe ex- 
ternal mechanism jiroducing the p()W(;i‘ gas/s, viz , 
the steam g(‘nerator. Steam is pioduci;d fi’om water 
by heating it to such a temjierature that it vaporize'^ 
the t(;mperature being dependent upon the superposed 
press'”-- . rnd<‘r atmospheric ])re,ssure such as is the 
case xvith watei* in a k(‘ttle, this tein])f;ratuie is 21 ‘2 
Fahr., under 100 II) of jiressure ;i2K Fahr., and 
for 200 Ih., dHO b^ibr. A complete; table of 
pressines and tenqieratures is given in the Aj)])en- 
dix. If the st(iam is further oi simultaneously 
heated to a higher tempeiatuK; and the pressure is 
maintained, tlu; steam is said to be stfjitr heated. 

(110} 
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Suporheatod st(^ain a perfect and obeys tlie 
kuo^n ly,WH ot gases, it can ^herefort; be depended 
uppn to j’ejdize its calculated powers. * * 

Skam fieno.rat()r^. -^'\w\v are tbi'ee nwiin tvnes of 
generatoi's or boihirs . — 

1. Fire tube. 

2. Water tube. 

3. Flash or s(‘nii-flaHh. 

In Fire 'Puhc hoilis's, the water is contaiiie.d in a tank 
fitted internally with tul)(‘s tluon^di which j)ass the 
htjating gase<. This typt; is onlv used in eominercial 
wagons of the tra(‘.tor tyjK* and then only to a veiy 
limited extent. 

fn Trn7f7 Tube boilers the wahs’ circulates inside 
th(‘ tubes and the heating gjises suiround the outside, 
the tubes al\\a_\s containing some water. Auxiliary 
fittings ei)m])ns(' a /ird-//-n/cr that is a Vf'ssel 

in which the watei hefoi'e it enteis the hoih'r is 

I 

warnuxl by Iiv(; or ('xhaust steam or by the wash' 
heating gases In addition to that a sK/wrhcaier 
may l^e used, that is a vessel into which is passed 
th(^ sh'iiin geiierati'd in llu' main boilei' and which is 
})laced in the path ot the heating gas«‘s where tht' 
temperature is Ih^ghest. Tlu' steam in the sup('rhc,Ltej’ 
is in five (!ommunication wdth that in th(‘ boiler, so 
that th(' ])r('ssure is th»‘ same. 

Flcksli geiK'rators an- really a ])articulai ca#ie of 
w'ah'r-tube boilers, in which the tubes serve not only 
foi‘ tlu' pi(^duction of st(‘am but simultaneously act 
as suporheatei's. This typo of generatoi’ is the one 
most commonly found on^ touring cars. In order 
that this double function of the tubes ViSiy* occur, 
the w’ater is fed to the tubes wliich are red-hot in 
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siiiall quantitiefi where it is immediately converted 
into steam and superheated. The tubes at ^ the same 
time lose Heat and get dull 'and the steapi passes 
to the engine. By the time tne next charge of water 
is forced into the tubes the latter have boon warmed 
to their red-hot state. 

Tn flash boilers as used on motor cais, solid cold- 
drawn steel tubing caj)able of standing a pi’ossure of 
6000 lb. pL‘r square inch is formed into flat coils, a 
luunber of such flat coils of sections being plac(‘d om'. 
al)ove the other, cou])led togeth(ir, and jdaced in,^ a 
casing or sludl. By using these sections nuiewals 
can b(i easily and chea])ly effected. Watei is supplied 
to the boib'r either by a power-driven pump or by 
comprt*ssed air, a small air pump (driven off the 
main engine being used in the latter case. \ hand- 
operated water pump is fitted so that tlu* initial suj)p]y 
can be obtained befoi’(‘ the engim; is started. 

The heating means comprise a burner situated at 
th(i l)Ottom of the casing and having a large numb(‘r 
of holes therein, fj-oin which the vaporized fuenssues 
and at which it is burnt. The paraffin ol; petrol 
is supplied to the burner in adjustable quantities, 
the adjustment being effected b\*' a hand , lever. 
This means that the quantity of heat produced and 
therefore that the amount of steam geruu'ated 
are consequence under tin* direct control of the 
driver. 

It passes to tin; burner via a vaporizing coil tube, 
that is a warm tube in which a preliminary heating 
of the fuel tak(;s place with th(‘ object of properly 
vapori.'^iixg it. In conne.xion with the va]X)rizer 
there is an induction tube, through which the neces- 
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sary air Is drawn, and where the air also subjected 
to a preliminary; heating. 

Wlien first lighting^ up, this vajXAl^dng coil is 
warmed by a sinall burfsen which is put .out of use 
as soon as the Jiiain ))urner is sufficiently wai’in.* 
’small, iburner with its own air supply is fitted, 
and is known-as the “ pilot light ltF> function is 
to maintain the pi^essuie wh(‘n the car is idle and no 
sti^am is being used : it has to sup})ly enough heat 
to balance the losses by radiation fiorn the boiler 
and its fittings. ^ 

A g(‘nei‘ator of tin* fircj-tube type, and as made fo]’ 
car work, com})ris(*s a steel shell which is bound 
with steel wire nndei- tension and to Avhich top and 
l)ottoni plat(‘s ai*(i welded. The upper and lower 
plates are drilb'd to take half-inch flue tubes, about 
five hundred tufM‘s with a heating surface of approxi- 
mately seventy square feet being i-(‘quii‘(‘d foi' a ten- 
1iorse-})Ower set. Th(' burnei’ is of the t\ })e wherein 
the vaporized fuel issues from a large number of 
orifices, and in which a small supplementary pilot 
flame servos as a stand rbv when the cai‘ is station- 
ary. As fai' as possible all the controls are automa- 
tic in action, thyije being the usual number })rc- 
vitled. * 

These are: (1) An automatic valve which cuts off 
the supply of fuel to the main burner wlien 
steam pressure re.'iches a certain pre-determined 
’ value, normally about GOO lb. per squaie inch ; 
(2) a safety valve which opens at al)out 700 lb. ; 
and (3) a fusihle^plug w'hich is fitted in the boiler 
shell and melts wdiOn the level of water* g^ita too 
lows ow'ing to the teiiipcrature of the generator 
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shell rising above the fusion point of the plug. 
The escaping steam acts as a warning. 

In one fhriTi of a])paratus the automatic control of 
the fuel vaU’e is obtained by iiiounting it so that the 
n(‘edi(‘ valv(‘,or valve spindle is coupled, to or lests 
on a co])p(u- diaphi’agm. Steam is led to the sjiacc; 



Fi(>, D.S. — Sinuilf stcHin 

ftijQve the diaphragm and a small s])ir:il spring is 
litted beneath it, the diaphragm thus moves u]) oi* 
down as the steam pressurt' falls In low or rises 
above that due to the s]»ring and cai ri(is with it tlu‘, 
valve. 

The, water is carried to the hoilei- by pumps, a 
by-pass being fitted between tlu* pumps and the 
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gcn(?rator, tho valve ^of which is iinVhM- the coiitroT of' 
tho^ 

^dass^which indicated flic lici^ht of 
\vat(M' ill the lioilcr i4 placed in si^hfc of the driver 
who closes tlu' hy -pass or opens it accoi'<'in^ to 
whether •she hoilei- is in luied of watei’ or not, that is 
when th(! ihvel is low or hi},di. l^hc steam <^^ener 
ated passes to a' coil of Itihin^ at the hot tom of the 
^^eriiM'ator and imm<Mliaael\’ above the m:iin hiirner 
where it heeomes sujierheali'd hi'fore passing to the 
eni^ene. 

'Vkv I'lwjinc. — ih.'fore discussin^f the types of 
(‘ii^dnes, it will lie UM.'tul to consider the action of 
steam in the simpli'st tvpe and to stialv the indica- 
tor dia^^rain ,,lhereol. Iniaj^nne a single cUinder A, 
thl, with a pi'^Lon P> and an admission valve C 
and exhaust valve 1). Suppose, the ])iston J> to be 
at tlie inner tlead ctmtic. hi.i^h pn‘s^ure sti'am is 
adinitO'd throu^di the valve C. When the piston 

has moved ^ili ol its sirokie steam i^ ‘'cut oil ” hy 
r 

closm," the valvt' (', and fo)‘ the rest of the stroke 
the steam alrea.d\ in the cylinder expands and acts 
with diminish!''^ pres'^iiiv upon the piston. Tlu ex- 
pansion follows ilu! law' 1 ‘. V" --- C. wiiere P is the 
jiressure and V is the volume of tlu* -Le. i^ind tfie 
constant n is unity. Just before the end ot^the 
stroke, the pressure is i'eh‘ast*d iiy openin'^ the 
valve D, llie exhaust pipe Ji communicating din'ct 
with the atmosphere or with a condenser. The 
piston now meHa*.s hack and expels the steam which 
remains approximately at atmospheric*' pies uire or 
the jiressure in the condenser, until about ,",3 of 
10 
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‘thc'sti'OKe has btjeii perfornicd wIk'h the valve D is 
closed and the reiiiauiiii'^^ sUiaiii is coni,\)i(‘ssed. 
f Tlie diayi^iiif lor sucli a siit^h' acting (Mi^iiie is 
shown in h\\. 94, tlie dotted '■liiu; represent iii^^ lIk' 
atniosplu'i'ic A and U being the eu.ds ol the 

sti‘ok(‘ and (- tlie- ])Osition of the cut off. i 
. OA is a n.'easun' ol tlie free sjiace* above the 
piston when at its innei’ centre. 
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Moii-coiKlcli-^in^^ 'vti'iuii (ii;riin 


The ratio ol thr voliinieOl) to the- volume ()(' is 
known as tlie ratio ol exjiansion. the dia^^riun is 
plot*oc^l loi' a inaxiniuni pressure of dOO Ih. per 
bcjuaie inch absolute, that is ;i()0 1 1 7 - LlKo-d 

11). by gauge. When corrected for iner'ttia and a 
crank effort diagram is jdotted, the evenness of the 
torque as coinjiaied with that ohtaineij’ froin a petrol 
engine of likv ])Ower is most marke'd 

Wheie this single-acting tyjie of engine has been 
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use, cl, thr<!u cylinders are pi'ovidyd, the p"istons ol’ 
which jict ou Clunks at J20 .The valves aie ol the 
rnushrooni or [)Of)pl!t ty])e and are' actflated by cairns 
siinilai' to those in the ordinal') petrol, enyi nos. In 
this cas(‘#th(; jiosition at* which th(‘ .steam i^ cut off, 
commoiih’ calk'd The* Cut-olf, may hi* varied by 
slidin;^ thf^cam on its shall, the cani Hurface hein^ ^1 ' 
a suilalile ])i'oh?(*. Vaht* caps, il, l'\ and a sci’ewed 
])lu^' acting as a cylinder covei- 0 arc* generally used 
as fn J'kg. 9;i. 



A second ek,ss ol car engine which is used ap'p'ioxi- 
niates to the normal type ol steam engine, lly closing 
both ends of the cylinder and suppl . in/ sUjara there- 
to the engine becomes <louhle acting. The. v^ilvcs 
emjiloyed arc ol two kinds, one form is thai known 
as the D-shajied such as is shown at ]\I in Fig. 9o, 
th(i complete drawing n'presc'Uting a double-acting 
engimi. TluT^ylinder ha^ twocoveis If (1, the latlei 
having a stuiVmg ho\ f through w’hich*tlic! Tod F of 
the piston 10 passes. The end of the rod outside the 
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cylinder is conneotied to a cross-h^^ad which is in turn 
coupled to the crank by y connecting rod*'. A stuilipg 
box .1 is also pi-ovidod on tlu; valve O)- steaip cbest A 
througli which the valve rod (t'^ie position of which 
is indicated l)y a dotted NN liru*) passes. Tlu' rod is 
connected by an '‘eccentric rod with llie strlip of an 
eccentric on tht* ipain crank shaft. 

Some idea of how a D- valve controls the ]>iissage 

of steam from tin* valve chest A to th(' cylinder 11 

* 
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and Irom the cylinder to tlu' exhausi (! should now 
he ohtained. We will fust consider Wiiat is happesn- 
ing in th(‘ left-hand part of the evlinder. With the 
])iston atjts inner d(‘ad centre and the valve in the 
position shown, steam is able to get into the cylinder 
hy the port a. The corresponding ])Osition foj' tlio 
eccentric is as shown in Tig. Rh. Th<‘ angle MON 
is known as the “ Angle of Advance,” and the distance 
between the centre of the cvn.rik sfuift and the centre 
P of the eccentric is ilie ‘‘Virtual crank radius’' of 
thi; eccentric — equal to the half travel of the valve. 
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The dotted line OK rejMesents flje position of thS 
nniin crank.. The amonnt of port opening I is called 
Oie “ lead ” of the falve. As the piatofi moves to thf! 
right, the valve also^ moves to the right, reaches its 
extreme lyght ])osition and then returns until 4he port 
a is cowered and the steam is ciht off. The valve 
continues move to the left and tlw piston to the 
riglit, until (‘vfntuallv the port a and exhaust c are 
in communication with each other via thu hollow 
])ait V] of iIk' valve-— this, the position of “ r(*l(‘ase.” 
occurs just he^)re the tmd of the strok(‘. During the 
majoi- portion of the n-turn stroke, the }> 0 )’ts u, n, are 
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comauited, the valvj^ havng travelled to its extreme 
l(*it ])osition and returned some distance on its move- 
ment to tl](‘ 1 ii^jit. Just hefon^ the end of the exhaust 
stroke the valve shuts off the jiort a from the exhaust, 
and till* stejim remaining in tlie evlii’der is coin- 
[iressed to act as a “ cushion ” to the ])istOL'^ I'.^oCtic- 
ally at about jr)*" ot crank angle hefoiv. tho lonor 
dead C(Ui4i1\ the port is i)p(uu'd to steafn and the 
cycle of 0])erations starts over again. The same 
cycle is taking ])lace on the outer end of tke cylinder 
as tin* valve coiftrols tlu^ st(*am j»ort h iy Uie same 
manner as it does th(‘ ])ort a hut with a “ phast* ’’ 
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(liffereiico. that is/it is.lialf a revolution b(‘hin(l the 
inner (uid. r ^ 

'•' The valv<‘ in hs mid position 'overla])s tlu^ stean^ 
and (‘xliaust ]>orts hy amounts dh, ai, 97, which 
are known respectively as the “outside lip” and 
“ inside la]> 

Another ty]rt* of valve which is sometiihes used is 
the Piston \alve of which one form is sliown in 
Fi.it. The two (muI parts A, P> act as conlrols of 
the ports leadin^f to the 
cylinder. These [>orts 
extend as annular- jras- 
sa^os a.roimd ilu' iniun 
surface of the cylin- 
drical sio ini chest. 
'Phe valve rod is at- 
tached to the boss (! 
which is cai-iied hy 
three or foui \M‘hs horn tlie walls ol the valve. 

Tlu‘ oidinai’N method of a(;tualin^ tlu'se valvt'^t 
consists in employing an raua-ntr i(; and link motion 
such as is illustraL(‘d in hiit, 99.' When the lii k uA 
is in tlie jrosition shown, the valve wliicii is coupled 
h\ tilt' rod (I to a block e moves a, s thou^di coupled to 
the eccentric A and the va.l\<' is set for forward i-iin 
nin^^ If the link is thrown over h\ the lotl K so that 
the ])ait l> is in line with the valve rod (', then the 
eccmitric IJ is aloin* actn:itm|Lt the N.ihe and tlu‘ ec- 
cimtric A is idly movin^^ tlm end // o) the link. .\t 
till' same t'lne the valve will he placed in a new 
Ijosition relative to tlu* ]>iston and^ tlr* crank shaft 
will he I'otated m the opposiO' direction for riiverse 
running. W'hen the link is in the mill position, th<‘ 
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iwo (jcccilirics iiouiriili/c one luiatlior for *he fend* 
<d) injved (‘(jUfilly and in o])|)osite directions, 

consefiiK'iill V llie'blftck f which is at. the centre do(is 

not receive any hiotidn. Linder the,st‘ circumstances 

• • 

ev('n will] the throtth* vajve full o])en no mgvement 
of the siiaft talos place. 1 ntei'in(;diate })OSiLions of 
th(‘ link \fir\ the i-(*sultant effect ot^lhe (“ccentrics 
U))()n the valv(*()vei 'a lan^^e from ‘full power ahead 
to full :ist(>rn. 

Vv1i(M'e the eompleie e\paii'«ion cannot he couveni- 



Tii., U'.i - l.niK lUdtion, 

• 

ciitlv iuili/,f (1 .11 one e\liud«')-. two 01 mort' may he 
Used, the exhaust ol the H P. (hii^h prissure) 
eCfiudei’ hein,n a.dmilied to the li.P. (low pi" sure) 
evliiidei In eomph'le its (‘xpansiou On om* engine 
of this tNpe. a, \alve is lilted wliieli en,d-*e tlie L.P. 
e\lindei U) .u'l as a II. P. eOindei lUider Vercum- 
staneesja which more ]»owei is reqiiinMl than nor- 
mal, as when si.irtin.i; a ca.i or when ^s’^ini^ U]) hill. 

'file ])()w*r ohtaina.hle from a steam (‘ft^dne can he 
ri'^ulated h\ the (pianTitx and jiri'^^sun* of steam 
e('nei’a,ted, and the eneiiu' can he stoppt*d or staifi'd 
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V>‘^' 

iit will, VO that a clutch and gear hex ai‘(‘ not iinc(*R- 
sary on a steani car. As compared with a ])(‘trol 
car tlie woiglii ot^th<‘ steam geiunator is l)alanct;d l)y 
the aljsence of these other ])arts,, 

In c9ntriulistinction to th(‘ petrol engine which 
lias to l)e enclosed in a lieat-extractitig medpim, tin* 
cylinder of a steam (‘iigim* has to Ur I;tgged with 
asbestos oi' the liKe \\hi(dj pievt'nt^ beat fjom radiat- 
ing away. 

.V s]dendi(l arrangement of the (Migiin' on 'the 
chassis whicb gives high (‘tliciency, consists in 
coupling th(‘ crank s}i<ifl direct to the main spur 
pinion of the dil'lei’ential, any i-<‘lali\e niovement of 
till' engine and chassis ubich it is necessary to 
pi’ovidt' foj- lu'ing obtaiiu'd b\ mounting tbe taigine 
on a fi’attie whicb at one end is airaebtal to tlie back 
axle casing iuid at tbe otlun is bung b\ strajis oi 
othei fle\ib!(‘ suspension from tb<‘ chassis 



riirAITKK XVHI. 

OTIlKll TKANSMISSION SVSJ MMS. 

« 

Frirticm Ih'Irr. -This systPin difthr.s IVom th<' usual 
out* ifi the chilch atul speed j^feai- are re- 

jdiicfjd hy a ine(;)iauism. ('hea])iiess iti lirst 

cost is the luaiii advauta^M.*. Its disadvantages aie 
that a ])Ositiv(‘ drive is not nlways obtainable and 
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sli]) when it do('S occur appe'aix just when it is nri 
wanted. 

A diagrammatic view of a friction drive ^var is 
shown in Fig. I0(?,in which the engine shaft \ carrit's 
a disk F). A cross shaft 1), mounk'd I'itlK'r ^i^ddiy in 
the sid(‘ frames il or slidabh under tin* action of 

• [m) ' 
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sjH'ings, hfis Veyed to it a disk C’, wliich contacts 
witli the engine dislv J1 and can ))(‘,nioYt‘d })y levers 
R Tfi(‘ Slial't 1) also candies a spiock(‘t whe(‘l (1 
whence jiichain tak('s tlu* df'iv(\to a s])i-ocket on the 
ditTth-ential.ii 

lj(*t N he tk(' nuniher of i evolutions ]W‘i' ininul(‘ of 
t}u‘ shaft A, 

and n lu' tlu‘ iiuiiiImm oI j-evolihions ])ei' niiniiK' of 
the shaft 1), 

also 1) be the diameter ol the disk ('in b'ef, 

and (I the distance in leet of the point of coi^tiud 
of the disks trom tli<‘ axis of tlu‘ shaft A. 


Thmi 77 . 1 > . ( 

UK) 


velocilN in feet p(‘r second ol 


tlu; rim of the disk (•. 


and 


' (K) ’ 


VelocilN 111 teel per si'COIld of 


th(‘ cir(;le ol contact on l>. 
ff th(-re IS no slip. 

Thru l» ( " \ 
' (iO/ 


' (K) 


or I ) . // d X. 

It follows ihei't'loie, and taking I) and 5s :'s (ton- 
slants, that as the disk (' is iiionjhI along its shaft so 
that d vaiaes from zeio to a maximnm, tln-idits rdte • 
of riwolution mci eases pi-oportionateh Irom /(‘ro to 
:r maximum. 

When the torijue, T’ Ih leet ol the engine shaJ't is 
constant, the prossuri* at the (contact iciicle varies' 
inversely with the distanc(‘ J), and in general terms 
etjuals j) such that p . d - T. / 

IiLOt.diS' that this tnr<jue ^hall he hilly transmitted 
to the disk (;, the latter must he press('d against the 
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disk H, 1^ a pn‘Ssn)-o*P II). ^ ji ,'p ~ ij whoi'c 

/A is^Uie c;o<.‘t1icient ot Tiiction lor the two surfaces. 

must therefore 1)^' t^rt'atest when d i!» smallest 
and wlien ?/ •is sinalh'st, i.e.,*when tlu* oiir is cli^iih- 
in^r a hill hein^^ starhal u)). Th^ attempts to 
regulate tlie ]Tr<“ssni‘{‘ P as re(jnii-(‘d hi •the above 
manner hav<‘ i(‘suTted iii eoinjilieated nu'chanisms 
which do tiway with the sinpilicity of tlie system. 
Further, these aiuunpts have not Ix'en lii’ought to a 
sucgL'Ssfiil issu(‘. • 

Another jioiiit wlhcli ansi's from the thickness of 
the disk (’ is that, altliougli all points on its peiiphiM’v 
liav(‘ a constant speed for any given })Osition of the 
disk, \et the imiei and outer circles of contact have 
dj/ferent sjusals, so that there must be some slip and 
const‘<|Uent wi^ii', which necessitates removals, and 
]^(‘rpetnal adjustment of the h-vers and shaft'- keeping 
the <lisl\s in contact. 

llpdrdiilir 7'/r/;/.s////s,s/m/s, -lieplacmg the clutch, 
g(‘ai' hos^ cai’dan shall (oi chain and sprockets) and 
also lh(j (iitlerential. this*-,yNtem cannot he ])assed hy 
without conimciu. Appara.tus similar to that pro- 
posed i^r cars lia tlready Ihs'ii succ(‘ssfull\ emjilo} d 
in ot her engineei-mg s})heies; ami now is hi'gimnng 
to make its mark in a })ra.ctical way . i ’ itor Cai’ 
FiigiiuMuing. 

The Manly ^S\ stem is being fitted to connuerc’ d 
veliicles in tTie Uniti'd StaU's, the ('harron Motoi’ 
(Company have run one of tlieir gi'ais .‘iO,U0y miles, 
and showed a cln-tssis (itted ^vith it at th(‘ Olympia, 
P)P2, and the llele-Shaw-Leigh-Martineaii •s\vtem 
has given satisfaction on the cars so futed 
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Brit'lly the /ipparjitiis iiichuli*^ a pump driven hy an 
internal coinhustion nnginc and sup])),ying liquid under 
pi-f'ssure to ii(piid pressure engin(‘s which drive th(3 
cross shafts (.f the driving ^;heols. Thf‘ liquid used 
is generally oil, and the variations in sp(‘eds and 
neutral are obtained by oiu* or two conlifol rods. Jn 
all th(‘ successful forms lh«‘ toi‘(|ue tiansinitted has 
Ikhui maintained practically constant. 

Tests niad<‘ show on an aveiage an elliciency of 
S5 pel’ cent or thej‘(‘ahouts, the varialiles Ixdng: (1) 
th(' si/e of the a])))aratus : {‘J) the i;itio of tic nuiplxn’ 
of revolutions of tin* ])rim(‘ mov('r to the number of 
I’t'volutions of th(‘ driven shalts ; and (5) the load. 
It has he(>n found that und(')’ continuous load the 
temperaluri' ol the oil do(*s not rise :i,bove about 150 ’ 
Fahr. 

The gear litte<l to ('ha.rjon cars is that invented 

an<l designed by 
Dr. (jiMit/, a 
diiigram Dung 
given in Fig. 
101 . / 
Situated i n 
« tile position or- 
dinarily occu- 
pied l>y the dif- 
fei-ential casing, 
is a c a s t i n g 
hon^d to take 
ihr(‘(‘ rotary slid- 
/ng-vane, pumps 
m, different capacities and two sets of rotary 

engines 7/, S', and IF, S'. The pumps are driven by 



Flfi. Jasit/ liulniiilic s_\slcm. 
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tho shaft ^ which is coyplod to the on^iK^ shaft, and 
the ei^ine^ li, Sf R’, S', drive iji(3‘wh(.i!l j^hafts \V, 
W rpspoctively. ’ 

Jn the neuti'al ])Ofiitiofi a valve is o])eiK3d which 
by-passes th(**d<?Hv(‘]'y from fhe jnimps hack to the 
suction side,* cons(‘ 4 uentl y th(i en‘,nnes*R, S, R', S', 
do not rotat(^ aiul the cai‘ ifunain;; Stationary. 
When tho by-pass valvi is closed, furtbei' powei', 
s 2 )tHid and braking conlJ’o) is obtaiiu'd Iw cutting out 
one or two of the ])Uinps oi one or other of the 
engines from th(‘ oil cii-cuit. Tlu' engines R and R' 
are su])plied in coiinnon fioin the ])uni)»s, as arc* also 
the (‘iigines S and S' with the result that a diffei’on- 
tial action is automatically s(‘t up should one I’oad 
W'heel encounteiia greater K'sistanci' llian the otlKU’. 

^Tust as an example of control assume the eajia^ 
cities of the engines H, R' to b<‘ half of the cajiacitU'S 
of the engin<‘s S, S' ivspeciively, and tlmt iIk* total 
capacitiis of the tom migines H, U' and S, S' ecjiial 

the total capacity of the jmmjis m, n. o. 

Su])j)0;ie all ilu‘ pumps leMling all the engim's. 
Then sin^> tin* capacities are as I : 12 tlie revolu- 
tions ol the shaft A to shatis W, W will Ix-as ] ; 12. 
Nmv ^)pose tl.e^engines R, If cut out, the ei 
pacities of fnim])s to engiiu's will be as : 12 and 
the revolutions as IH : 1. Or again if rite . i»i,'U*ities 
of till' pumps HI, n, n, are ,!, and 1 of tb“n’ tuisil, 
.then with the jniin}) u feeding all the (‘iigines the ca- 
])acity ratio Ts I.', (12), as 1:4 and the velocitv 
ratio 4:1. 

Using oil as tV power-rujuid Uaids to diminish 
W’car of the parts. The- dilliculty of kee})iftg*the 
glands tight is ''-pid 
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prtfssui’cs rocicfhfd aiul has Inicn in soiiui inoasuic! the 
reason tor these //ears not l)eiii/4 cornmerciali/ed 
eai'lier. 

In the. II(‘le*Shaw-l\larbinean and also thinly 
i/ears the control consists in varyin/^f .the sti'oke of 
the ))Utn|)s and so theii' eapacilN. (Usually the 
l)Uinps and (‘n/zines are of tlu* radial type, hut in one 
form of the Il(‘le-Sha\v the pnni])s are j)arallel to the 
shaft and the ai’(‘ driven hy a swash-[)Iate 

mechanism. 

lly varyin// the inclination oh this plate tc^ tin* 
shalt the stroke of the pumps is vai ic'd. 

Hydraulic transmission //eais are ceitainU worthy 
of iiKirc’ attention than is at pi-esent Ix'stowed upon 
them. 

FAvctric Sifsion —The petrol niotoi' in this 
system is couph'd to a machine' whicli is cajiahh' of 
actin'/ as a dynamo or nioioi ace-ordiii;/ to re'quire- 
monts. 

.Vccumulatois are* <5arri<‘d which siipjily p.xtiu 
pow'er when iH'cde'd. and the\ nm\ he used for 
startin'^. They aie eharz/e* I diii’in;/ the , time that 
tlu* powc'r ]‘('(piir('d lor jiropulsion is lowt'r than the 
ma\iinunj jjowe'r f)f the jx'trol ('tniine, such as wIk'Ii 
the car is ‘/oin;/ up lull. 

iZ’/r/;/.s;/i/,v,s/e//. - The powc'i’ is in this case 
wholly sii])plied h\ a petrol ('ii^nne which drives a 
dynamo the' cuia'ent from which //(a*s to motors^ 
liLiceiUon the shafts of the driving.; wTieels. Accu- 
mulators may or may not hc' used in addition. 

('ompldv. Fiiuinc histdlldlK^i.^ln this sysUmi, 
acciuiiulators foi'in the source', of powc'.r, from which 
it is taken hy eh'ctric motors. The. batteries are 
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chai'^^wl a powi- statjoii whon ncccsgai-y. In this 
noniu'xioti jt woijjh a])])cai- that! Jihc^ alkuliiu} type of 
accuniiilator will Ix' of Jj(‘at value, since if can l)c so 
ra])i(lly charged wiiliQiit hijni'V. • 

Th(5 ivsti‘i(*t(‘d i-adiiis of afition has }>*;(‘n agn^nst 
the olcctric *'('hicl(‘, hut with tin* ]) 0 \v«i- to run for 
sav six houi's find thi*n lx* able to iv-chjirgo in out* 
hour, and also hecahM' i}i<‘ alkaliiu' foim jjrovides a 
haftei v ot gi'(‘at<*r (;a])aciLv for a given wfsght, the 
elt‘ctric1;ai should gi.idiially come into hivour. 

moi'e e]e(*tiic cai’s on tlie road it will l)r‘ 
possible to a.i' 1 -atige wntfi powei’ stations for a syst(;in 
ol intei'changeahle units, the rechai-ging caii then he 
jxa’fornied a,t tin* convenience ol the etigineer ^^hen 
his lf)ad is ligl^t and tin* cai -owner can proceed 
w'ithoui waste ol tune. 

Tht' simplicity of control and the i'flial)ilit\ of 
(‘lectric motors is all in favour ot tlui electric car. 


Tlin INL) 
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CITY AND (Ik lDDr^ SYIJ.AIU'S 1\ MOTOll 
CAR KNOINKKRINC.. 

OuDiwin (liai)E. 

]’Kri;of. ('\K. - consii'iictioii of 
IiittMiKil CoinhuKt ion Hnt;iii<*s Th** Otlo Cycle. 
Two ^li()k(‘ Cycle. I'nticuliir construction of a 
petrol i\Iotor^ l-un;ine 1 )ei:iils of joint';. 'Die water 
cii'ciihitioii. 

• rciH'l. Source. (Ini ilhition, density, and calorific 
value. 

('arhuritf iifU. l'A|il<tsive mixture of pciiol \'a])Our 
and fiir ( ‘ompnN.sioii, and its (>llec,t c.i (‘Xplosive 
IlilMlIl e 

*lf()rs('-|)o\\.'i of Petioi Moiois Jtillicultx of 
ineasiwin^ iiidic.ni'd lioise p -wer ac-ciiratciy. Jfrake 
lioi’st‘-[#o\\ci. Mecli!!nical eflicicncx. 'riK'on'tical 
iiidicaio)’ diaeiani of a Petrol i\Iotoi. (ituu'ral ex- 
planatioii of 1 * 41 * terms adiaPalic and isotfieic' 1 
t'Xpaiision . adiahatic and Nolherinal cornjucssion. 
I'^ii'inj.! 1)\ compression. Limits (*. c( "ipression 
ratio. 1 >aliuii'inj 4 and toKpu* ciaaik ellort^'’ i,y'anis. 

Tnicfiri' /'('/'(Y’, — (icneial consideralioiN of •roil, 
side slip, wind lesistance, and ^O’adients. 

Cu;/o/r^/*Ks. -(iiMU'ral jirincijih* of the ifction ol a 
(\uhuie1((‘i' and description of the various foimsin 

US('. 

Speed -»Slidin }4 •f^ear, t'picyclic, variahlt* 

sp(‘ed ^u'ars, chain and htdt chaiifte speeds, ^uMraiilic 
transmission. 


(ICl) 
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(iMV. — (xtMU'ral cU‘scri])tions of. 
Clutches.— Cowo, disk, Hoh'-Sh.iw, Je- 

natsy. 

('udlivij , — Air c.oolin^, waU-r ooolin;^’, ruliators, 
circiilatiii^ juimps, oidci’ of oiiciilation. 

LiiOrirufior . — of hibiioatioii -incl a])jn’0- 
pj'iaO' liibncant^^. 

licndjushucjit'^. (iriiidiii;; and sotliiip valves, tiin- 
ignition, lor faults in ij^nition s\srcin. 

'I'i<nisnitssH>u.-- ('liain driv(‘, Iivj* uxli', tilt oi* lift 
of “ (lard an ’’ shaft. 

( 7/n.s\s/.s. — Wlu'cl l)as(>, forms of car frames, nnder- 
franu's, sprinj^s and brakes. 

Ei.kctkic l(iNi ri<).>. - Primal \ Haltei i(*s and Small 
.\cciimulaiors nsod in connexion with l^mition .Ap- 
])aratns 

1 ipuhvn. - liv^h and low tension sparks, efiei;! of 
jin'ssuj’e on >|»ark eup 

Eltvh'o Muinicfic Imluchou. Uriel exjilaiiation. 

Juduction Coil, (lonstineiuin of tiemhler and 
non-tremhiei coils and iheorx of workitie. f“ Lod^ai 
coil ” and 1^) s))ark. ) 

WiiuKf. Ofoneoi mom c\ Imdei s, hieh and low’ 
tension distnhution. (Note Students should he 
encoinai^ed lo Use colomed pencils when drawing' 
diu^i'iims oj coils, maeiieios ami ignition s\st,ems; 
sav, r(‘d for low tension leails, him* or ^nx'en for liieji, 
and hlack foi constructional jiarts.j 

Maijurtii- hiuilii'U. (icneial desci ’plion of nietj'iod 
and apparatus. 

Stkam (’\ks. - - /w/f/z/U's. (leiieral description of 
ordinal) .y])es. 

Sicant (/ci/cm/e/,v. - Mnltitnhnlar, flash and semi- 
flash boilers. 

flurners and Eucf.s.- Coke, crude ])etroleurn, 
paralVm, pi'troltmm spirit, (’alorific values. Con- 
struction of hnrnei's suitable for rajuid fuel. 

Ihnlcr Ered-Purnps . — Ceai driven, steam driven, 
and auxiliary liand ])umj)H, with their cormexioDS 
and injectors. 
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lf)8* 

Autitmaiir Sfiat-nnii . — Automatic i^ulation of feed 
wate.r aiVl fuel.^ * • 

' Cd.'iHiiul d(‘sci*ptioii* Jof* condensers 

and the»oljij(‘Ct of, their use, 

l^'iLnoTHK' (’ \ Jn-i(fn.ul(/(nrs. —( ’on - 
sti uction oi' })lates for \fu-ioiis inalfc's of *cells, 
chemical (^liajiges which take place,# connecting up 
C(‘lls, dui'atioii of charge's, cinreait ]M‘r seyiare, foot of, 
))late, d(Misiti<*s pf aoid, elliciencie^s of hatU'rios 
actual, and theoretically jeossihh*, energy capacity 
p('r unit weight of plate', liow to te'll whe'n hatterv 
charged and how to ascertain the rt'maining charge, 
(feneral d('Scn])t4on of various ty)K‘s of hatleries. 
*M()l(irs. — Serie's, Shunt. 

f Vn//-nd/rr.s.- -'Various methods of control. Klee 
ti'ic hrakos, iinjeracticahility of re-charging cells 
when desce'uding lulls. 

Tni}isiinssi§»i. - II(*Ii(;:il g<':i,r, etc;., use of two 
motoi's tf) avoid diffcrenitial 

dill e/(/vS’. ■ (^liiiek break jM'dal >witches, fuse's. 
(iAUAOK S^.sTK.Ms. I‘V)i' housing aiid tending elec 
»lrie eaniMgf's, cost ol running, we'ight of V(*hi(de, 
sjieed, care* n'epiiM'd. nidius of action, i ('moving and 
reyiacing hattei i(‘s. 

Advantages and disadva'ii-'ge's of t'h'ctric (;om pared 
with intf'rnal eonihustj^'ui motors. 


MDTAR ( All lONtaNKKRlNd KXAM INAT'AN 
TAl’KR 

1. Show a com[>[et(' wiling diagrai^ tor an 
Oldinary four-cwlinder vertical engine htted •w’th 
duplica,t(' ignition fhntterv and JI.T. magneto). If 
possihlf', u«t* dii'ferent coloured pencils oi^iuks for 
wires carrying high and low' tension currents. (4H 
jnarka) • 

2. A singlc-C3*lii^ior car with the enging under the 
body has about 7 feet of H.T. lead from th?s j^lug to 
the coil on the dash. If the insulation of this wire 
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<imduaUif ])erisl?os, wliai an* tho first syruptoms you 
expect? T)escril)o. Iiow, when’ these s\mj)H)in8 are 
observed, y)U would proceed to locate the ifj^ult 
exactly, and prove it to lu* due to fi leak in the JkT. 
wire and nv>thiniij else. What (,>tlu‘r rh'hu'.ls would 
^ive s'lnnlar symptoms? * (4‘J.) 

d. Criven a new 4-volt ignition acciunulatoi- or 
lead secondjyy hai.tery (without any j)rinted instruc- 
tions) to till witii acid and char^T i/>r us(', stat(‘ what 
acid you would use', how y(»u would dilute it, and to 
wliat density. If \ou find there an* two neLtativ(' 
plates and one ])ositiv(' plah' (‘ach measurin^^ d liudus 
liy 4 inches in each cell, what char^nnj.t curnuit would 
von jj^ive, n.nd for how loni>;? ( hJl ) 

4. Sketch car(‘tull\ a section of a \\(ill d'‘sicned 
cheap piston, shownut rinus, i^iidi^eon, siuiill end of 
connc'ctmi; rod and hush Indicate with ari’ows the 
niateriaU ot which th(‘ pai'is are const l■”ct(‘d (4‘2.) 

d. .\ cai tiltc'd with li\c axle aiul tw(^ univinsal 
joints in the jiropflkir drivi- has a toupie I'od 1 feet 
lon^^ to ))iT‘vent tla^ a\l(‘ case tiom roiatin^ ; thi' cai' 
Wf'i^hs I ton, and is climhin;.f a liill of 1 in 7. (Cal- 
culate the foic<' I'diK' to eiadieiil onl\, in'i;lec'tin^ 
road I'esistance, etc.) which tlu' forwaid en<l ot (he 
torcjue rod (‘\erts on Us support. 'J\\ res SIO h\ tK) 
('id*4 inni ~ I iiudi ) ( | 

(), l)raN\ a modern locomotive t \ pe fooi luake 
suitahk* i<)r tlu* (Mir desenhed in (jiK'stion d. Show 
method of adpistment and ini'aie,' for pre\<"'hn'^ 
nihhin;j and rattlin^^ (1^.) 

7. Jleprc'simt tfu‘ nnUion ot the crank ]un \)\ a 
circle ahc.jt inches dianietei , and indicati* the dirc'c- 
tioii of i-otation with an airow. Maik on this circle, 
for an ordinarx tour-strok(‘ cycle (‘iittine, the dead 
centri's and the ]»ositions of the crank ]>in when the 
inh't and exhaust valves should open ami dost*, and 
when the nia^mdo spark should (vccur for fully 
advan/;ed and retarded ij^mition. (live the an^fie in 
.decrees of each point from tho nearest d(‘ad C(‘ntre. 

(i2.) 
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8. (^’avc*fiilly (liujv two curves* iiidicatinj^f tlie 
relation M)etw^u) pressiijc nyd .volurrui when the 
eiigUK* ])istoii is rtn^iis coinj)ressi6iw sl/roke. One 
cufve slloifld ‘show the iise in j)re'ssurc \vh('n th(i 
enj^diu' is jjidk'd ov(‘r conipreysion V(m/ slo'\Jy by 
liiuid (isothermal com^iresiion) , tin* *00110 cutve 
should )e]ir(^s(*nt tin* result of siiddf-n coinjiression 
(adiabatic). • Jnsi'rt a few j’l'^nires of (U'essures and, 
volumes if possible. (12.) 

, 9. Ski'toh t\y) kimls of boilejs in u->e on steam 
motor road Neliudes. Oivi* tin* \vorkm,i( pressures 
and r)lo\\-ofT pies-iures ,ind apjjjoximate dianx'tejs 
aigi l(‘n;,dliN of iioilei tulx**- m each case Name a 
maimfactiiM‘r of each (vp** (4.?) 


,1// ('>nuli<l(ilcfi must attcnifti i^hicsfiofis 1 and 2 dud 
ii<‘( UK'tc tliiiu iii'i' (dlici ^ 

1 . J)<*senl)e l)iiel]\ the ooii«^l 1 iietio.*' of an\ small 
oai with whieb \ou mi\ bi* laimliar . takiii'i each 
or^^an in liirn, .eivnij^ it- situalion and ibe I\pe to 
whiob^it b( ionv-i, aKo no an\ -^peeial 01 >iOod 
feat u re j. (oO nidih.s. 

2 . Suppo'^nm the 1)411111011 )4ear 111 llu* ear de- 

scribi'd in lj)ue‘>lioii ] to bi* 111 jierleel working ( d"r 
JnrP#iat yon (?innot ^et the (‘ii^iin* to siait, now 
would \ou systematically si'i -aboi!! to locdtr llu* 
fault betore attempting): to jiut it ri'^ht or i ah-'r any 
adjustments? ( 40 .) ^ 

d. Sketiih, in section, a )40od df'sien of eliitcli and 
fly-W'heel. ^Ifow'ine the (dutch pedal. Sta^e brit-lly 
what arc its )^mod teatmes. ( 40 .) 

4 . What horse-powei- is jeijyired to mov^* a motor 
delivery van, wwif^hiny dj ^(>ns, at 12 mik*s per hour 
along a levid load, the necessary tractTv(‘» tdi ce to 
overcome road risistance being 4.0 lb. per ton ? 
( 40 .) 
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.MOTOTl (‘A'R mechanism 


0. fttati* ]))vcisoiy what in^tonaiH ai‘«‘ a'^nerally 
isetl for constructing^ ■■ the following! car j)ai'ts : — 
^iij^ine • cylhulei's, crank shatt, ' halls in llio ' hall ‘ 
)earin^s, core or ctailn* part' of jna/^iu'to sfrinatiH’o, 
)rdin{xry s])! rkin^ ])lu;,^ ])oints. -What is ilu' white 
netal inaii(’ \)f which is coninioiily iiscc'I for lining 
)ig end ht'ai ings? (40.) 

6. .Answer either of the following . 

(a) Sii])pose yon Imve y d-ain])ei-e luuir 
4 volt aceunudator to he reehf\>gcd, show in a 
diagram the iH‘C(‘Rsar\ connexions and a[)])ara- 
liis for recharging, using any source of cnri-ent 
su})]))\ \oii like. State whit cinriMil you 
W’ould giv(‘, lorhiow long yon would (4iarg(‘ and 
how you would regulati* the curriMil. 
or 

ib) Draw just a line diagram showung the 
W'iring for a non-tii'inhh'r coil ig^.ution ssstein. 
for a motor cycle with a, 4 -volt hattery. ^ 

If tile coil takes ampetes, what is its resist- 
ance in ohms? (10.) 

7. Show’ the const niction of a In-mhler ignition' 
;oil h) a, sketch, taking ca.ie to maki* the coniu'xions 
piite clear, pj-eleral)l\ with colonied piMicils oi inks, 
stating which teiminal has to l)(‘ connecti'd to tin* 
■ijiarking jtlug and which to tly* hattciy, etc. (oO.) 

S. Rejircsent, diagrammaticali\ . a low tension 
[uagneto, and sliow the conm'xioiis to a 4"C\lindei’ 
■ngine. Show th(‘ maki* and hi-i'alt mi'chani^ 

:me of the c)hnd(*rs, ;ind state the I’elalivi' spi-ed of 
the anmiture to the crank shaft. (40.) 

9. ^ Skei'ch a litpiid fuel hurner, and show’ the tank 
ind necessary ])ipe connexions, etc, for a steam 
[•.ar. StiHc the fu(4 used and how it is#forcf‘d to the 
imrner. ('40.) 

10. What are the chief nec.(*ssary i4(*ctrical parts 
in an electric cai-riage Wh\ are ."’lectric cars not 
more /'OtniAonly used lor countr} *woi k (40.) 
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MOTOB CAR yECHANTSM 


Taiile of Souaues, Cohes, Fro. 

jN. 

ii I i i 1 1 1 <*» ■«>’ 2U> 2U!)r)T8Y7i 

li-i| 1-21 !^■{:il'^(iJ^s^o:{2;5 r»-i :>::.-2i , 22i;'‘isi 2-4<)0Hii-H272- 

: 1-2| 1-44 l-72Hjl-r)Hr)r» l-or»27 0-2 •'S-41 2:iK-;}2« 2'4‘.) il''H:l71 

]-;i i-o;) 2-it»7;M402 1-uiii 1 <;-:i 2:.o ()i7 2 ')J !]-H4iiw 

1-F mm;, 2-744;1JHH2M]h 7 Cr I :(»•>.>., 2(;2-l 44! 2-r)2‘)Sil'.sr)()«> 

1-5! 2-2.7 :{-a7.7,i-22i7 1-J447 42-2:) 27 l-r.-j-s! 2-r)ii)r);i H<)(;:i 

1-b; 2-5(i 4 -(Mm; i-2r>4u i-u;<.m; i;-<; 2s7-i<m;12-;)i;imj-h7;)S 

i-7| 2-8!i ' i-iUM Vri n-.s'j :i(i(i 7i;;; 2-.7HS4'j^Hr,2 

i-H, 4-24 .)-K:42‘i H!ir> i-2ir)i (;-s 4rf2i ;;n j:i2' 2-r>(;77!]-s<Mr,‘ 

i-i», H-(;j o-8.)<i i-:{7h 4 i-2:is() r.-!) '47-t;i ;;2s :.<i',i' 2-t;2<)H|i-iM);M 

‘-i t H 1*11 42 I-2.7'.M> 7 li» ;: i;{ , 2-t; 1.7s 1 


2-1 

4 41 

0 201 4 -4401 1-2800 

7-1 

.70-11 

.0.77!ll 1 

2-(i01»; l-!)‘22 1 

2-2 

4-84 

10-048 1-4S82 l -80(Mi 

7'2 

.71 -si 

878-2 is 

2-08; il 1-081 1 

2-8 

7-2<t 

J2-K;7 1-71 cm; 1-82 

7-.I 

.7.:-2!» 

8S!(-017 

2-701!''l-!»800 j 

2-4 

7*76 

18-821 1 •.-)402 1 -8880 

7-4 

7 l-7)i 

i 0.7 -22 4 

2 •7‘208, 1-0487 ' 

2-7 

6-27 

17-()27,1*7s11 1-;;‘772 

7*7 

70-27 

121 ■S77 

2'78s0‘l !I774 i 

2*6 

(i-7() 

17-77(;'4 (>127 l-:i771 

7-0 

.77-70 

i:is-!i7l'> 

2 •7.70s MKlOl ! 

2-7 

7-20 

10-08:{,1-0182 1 8027 

7-7 

70-2!) 

i.70-.7:;8 

2-77 4!n 0717 ! 

2-8 

7-84 

21-0.72 1 i;7:U 1-4007 

7 8 

00 si 

171 772 

2 702s'J •0K82 : 

2*0 

8-41 

24-88!) 1 70*20 4-420 

7-0 

02 11 

l!):i-080 

2 s 10; 1-00 10 , 

8 

0 

27 1-7821 4- 44-22 

s 

01 

7 1 2’ ' 

2-H-2S12 » 

8-1 

o-(;i 

•20-7!)l 1 7(;07 1-1.7SI 

s- 1 

)r)-oi 

.811-111 

2-stO 2-OOS8 , 

8-2 

10-2 4 

82*7(;s 1 ’7ssii 4 •.47)»0 

8-2 

(•>7-21 

'1.7) -IKts 

2-s,180 2-01. ,7 

8-8 

10-80 

87 !)87 1-slOO 1- Is, Sts 

S-8 

os S!l 

771 -TsT 

2 ssl 2-02 47 

8-4 

11-70 

80-801 1-s 180 1 .7087 

S-1 

7o-.7r. 

.7!)2 Toi 

2-s!(s8 2-0828 

8-7 12-27 

12-877 l-s7()s 1-71S8 

S'7 

78 27 

(.4 1 J2.7' 

2-0 UV. 2-04(8; 1 

8-6, 

12-00 

40-07(i 1 8<»7 4 4 7820 

S (, 

7:! !M. 

(.80 (»7i. 

2-!l820 2-0 ISS ; 

8-7' 

18-00 

7(l-(;.78 1 •!)-287 I •.74t;7 

s-7 

77 »>!» 

(i7S 7()8 

2-01!Ml 2-0.707 1 

8-8; 

14- 14 

74-87-2 1'!I401 1 .7007 

S’M 

77 11 

(M-172 

2-lMi(;7 2-00 40 i 

8-0 

17-21 

7!)-810 ! 07 4s 4-77 4 1 

S-l» 

70-24 

70 4 00!l 

2 08;{8 2-()7*24 ) 

4 

10 

0 4 ,2 1-7ST4 

0 

'S:' 

720 

8 ' 2-OSOl ' 

4-1 

K)-81 

OS'021 2-0‘240 l-(;0(».7 

!►•! 

S2-S1 

778 -.771 

:;-(‘i(;o 2 -os 7 h 

4-2 

17-0 4 

7 4-088-2-0401 1-0J8I 

0-2 

sn;i 

TT-'-Oss 

8 0.182 2-0!)7 1 


4-.4 is- 41) 7i<'.7()7 2 ii7.'m; 1 •i;2<;] i»-;> srciii ,s()i ;;.77 .■i (iiim;2-iii21i ' 

4-4 ll)-:i(; s.7'|h 4 2-()l)7»; J -ll-JH) lt-4 ss ,u, ,<;}ii .7s,4 .i-nr.Vi 

4-7 20-27 in -127 2 421.4 1 1> 7 IMl *27 !-^77-;:77 ;; (IS22 2-J 471) , 

4-<;, 24-10 1I7-.-{:m; 21 41S DC, I»2jr. ms j 7;;(, -J-I-Joa | 

4-7; 22-01) 10;j-M->;r2-10H(n-«;77l 1»'7 IM-OO IM 2-07.! .M 1 47 2-];i27 i 

4-S, •24-0 4-4 10-.7l)2 2-1 1M)1) l-»;s01> 0-s l)r.-(i4 1) 4 11 02 .'{ 4407 2-14 i 

4-1)24-04 4 47-041) 2-2440 1-01)S7 0 0 lis-Ol 07O-200 4- 1 404 2-4 472 { 

7 27 127 2-2404 1-71 40 100 looo > 4 10242-4744 * 

7-1 20-04 14*2-<;7i 2-27H4 1 -7214 101 I02-0I 1040-401 4-17M 2-1010 

7-2 27-04 4 4O-0OH2-2H()4 4-7427 10-2 104-04 1 (Mil -20s; 4-] 1)47'2-]0S7 

7-8 -JS-OI) 14s S77 2-4022 1-74.47 10-4 100-00 401Ci-727l 4-200 4,:2-1777 

7-4; -20-10 177-404 2-4-24K 1-774 4 M)-l lOs 10 1 124-H04; 4-2-241);2-lS2H 

7-7 80-27 ’0(r87.> 2-8472 1-7072 10-7 110-2.7 1 177-027| 4-‘2404!2-ls07 

7-6, 81-80 177'040i2-8G04 1 -777s 10 0 412-40 1 101 -OKI, 8-277S 2-1067 

7-7 82-49 1S7-104 2-8S771-7N04 10-7 114-40 12-i7-048i 8-271 1 2-2036 

7-s 88-04 107-1 12 2-4((S8 1-7067 10-SJ 10-04 1-70-71218-286812-2104 

7-0 84-81 -207-870 2-420 1-807 I0‘(*ll8-Hl 1207-020 8-8017i2-2172 



N<i 

fc 

IMi 

hu-4 
]ir> 
11-6 
11:71 
, 11-8 
Ji-9 
12 
12-1 
12 ’2 
12 a! 
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•ouh,,. 

I Moot. I 

1-il li^l ii4'H]fi0j2‘22a'J 
12^^21 1;{(;7 -OH i|;{.;{;{]7!2€i(>? 
12£ -44 141J()-;i2Kj;i-;-| ir)Ji|2-2r>7 1 
i27-miin2-H‘)7|;{-a<;jr,!2-2jji 


12‘M)I)! 

ia2;2r) 

ia'j*24 

141451 

1J4) 

itu-n 

Ils-Kf 

ir,i-2'.il 


14h1 -ryi lj-i-a 7 i) Ij2-2.1(MI 
1 .■)20*«7r)!H •:J‘412|2 •2^,72 

I5(5(i-si)«;;:{-4()r)'j|2-2<i;{7 

1 »5() 1 45 yi ja *4 2< Kt\'2 ■27( >2 
J(54;j ()a2|a-4;{.5ji2-27«5(5 

l(»H.')ir,!Ha.4 |•l(;'2•2s^,l 
11728 );{«I(11 i|2*28',)1 

1771 oiiiia- lfs.v_>-2*j.‘,7 
181,r,s4H;.{'4(j2Hi2-a()2l 

AAi Mj -.'!18(50-8(;7 ;i-.‘i()7] '.j 

12*4| u;{-7r>ii‘4or, (;2i':{ ?i2i 4 2-;{i u; 
12 -;); ]>'5<5-2')jj<l.7:’.’127 .5*r);5.7‘)'2-a2'.»8 
1 12-5| 1 oS-7<5!2(I()()-;}T(1L‘{-:>J'.h;2:{27 

12- 7! 1(51 •2'.)i2() is as:', a-;>(5.{7 2 a:i.{i 
12’8i lH;{-84|2()a7‘l.',2,.'iv>777 2 a;51ll 
12411 l<5(i'lJ 21 H54ls|i[a-V.(17 2*:il 

, 1'^ iJllI? •845 (i:)<52:!‘>I; 

j la-i' i7i4;i'22is-(itM a (ii‘ii,2-a:)7.', 
1H-L^17 1*2 ii52‘ni''j(),s';{-(;a;;2'2-:;r,aa 
ia*:jj i7<5-8ii;2,r)24i;{7 a <iir 4 ) 2 -:ui'.»;{ 
1)1-4: 1 7'j- 'aljj 10(5- 1 {1 1 ;{4;(5(M) 2-;)7.')2 
la-fji 182-2612 J(;o-;;7 *) a-(57 12 2 -as 1 1 

13- <5l I8l-'M5'2”)1.'»- laCi a-(i,s78 2-as7 
lH-7; 187*»tlij2.‘>7l -a*),: a-7(ll.l'2-a!»28 

1 ltl-8! 1 !l()-4 } 2<5284I7-2 a 71 18 -j-.-IMSd 
lia-'J; 18a-2li>l587-(51!l l-72sa2-10l4 
!14 jl'.M'i ,.^11 .{-71172^101 

I 14-1; 11)8 S|;-2S().{-221 2-41)'. 

! 14*2; 2l)l <54 2H(i;;-28S ;;-7t;sa'2- l‘M< 

• 411' 'ii'-"'- ' •' th: 

' li6 »f 2 ()/-a(i; 2 '.i 8 .‘)-'.)s 1 .)-7',) 17,2- i:! 2 '.l 
j U-4j 2i()-27:a()i8-(;-2:; t-.M)7i)2-i.;s:i 

i 1 445 21 a-i(5|a] 12-1 aca s-ii -i-un 

14- 7! 2it)-o',i,ai7()-.'i2;;ja saii’-j-i idt 


14*9 

222-01 

15 

225 

15-1 

228-01 

15-2 

•281 -04 

15-8 

284-09 

15*4 

2.87-16 

15-5 

240-25 

15-0 

248 -.‘K) 

15*7 

24(5-49 

15*8 

249-041 

15*9| 2.52-8 1| 


:aa7')* • ';{-s7a ■ 2 -i<i (;2 


;r)8i-:)77|«-!)iir)|2-482:» 
aG52-2<l4;a*)21^{j2-487l» 
a72a-87.’)|a-'.)a7 i-j-iiiaa 
a71)(5-ll(5;a-‘)4'J7;2- 11)87 
lasGii-HDa 
a944-ai2 


a-l)<52a|2-5<)4 

a-it749!2-r,()i)a 

a-987r)|2r>]4(5 


i\(). 


H5-l| 
H5-2 
1)5 -a 
1(5-4 
i<ra 

i<5-<; 

1(5-7 

1 ( 1-8 


8<|iiaii\i ('ulie. 


ISffliare 

I l^dot. 

J409(i |1 , 

2’)9-2ri47;f2Hli4.()12r> 

2(52-44! l2r,l-r,28i44J249 ^-.)ouo 
2G'7-()9; laaO-,747| 1 -oaTa 2-5355 
2t)8-9(;i 1410-9 14|14f4l)7 2-5407 
272-251 M92-1 251 1-0(52 
275-5(5l4r,74 -29(5! 1 • 7 la 


'CuOe 

Root. 

|2-51¥8 

5261 

2*5aoa 


5407 
2 -5468 
2-5509 i 
2-56(51 1 
2-5(512 i 
2-5(5(52 i 
2-571 ) 
2-57G8 
2-58ia ^ 
2-58Ga ! 
2 -5 91 a 


278-H9jjr,57,-4i;a;i.osGGi 

282-21; 1^11 .(5821 14)98h| 

10-9i 2S5-(5J 1 1H-2G-H09i4 1 1 1 
17 1-289 jl9r} 1 4 -1281 
17 1 1 292-41 j5ooo -21 1 j 4-1852 

17- 2:295 -84 1 “,0S8 '448i4-147a, 
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17 ; aia-29'55 15-288; 1 -2071 '2-(50G1 i 
n 8 aiG .Sl,.-')0a9-752,l-219 l 2 -)))l ! 
I < '9 •>20-11,5785-:?:;',) 4-2;?(i8!2-(il5!) I 

-821 ,5s;?2 4-212(;;2-(5-207' 

18 1 827-01 5929 711' 1-251 4i2-G25(1 , 

1 8 - 2 ' 881 • 21 'G 028 - 5(58 4 - 2 );)il 2 -G ;?04 I 
| 8 -:; 8 :? 1 -.s 9 '( 5 i- 2 ,s 187 l- 2778 l- 2 -(;a 52 ' 
] 8-4 :?8S •5G)5-2-29-5))l 4 - 28 '.) 5 | 24 i 4 j 
18-5 .?l- 2 - 25 'G:?:?l )-25;l-aol2 2-(;448 1 
18-0 •?r>-9);Gl:?l-.s5i;!4-8i28j2’G495 1 
18-7 ai 9 -(l '.),9 5-:''-208 l•a 2 J 8 ! 2 -G 5 la i 

1 8 s 8.)..- 14 ii(. } I G72!4-a;;5‘)!2-()59 i 

18- '.) .',H 21 G751-2(;9'i-:?47ll2-(;)5a7 I 

!'• -801 1<;.859 ;)-:?589 2-))G8l ' 

'•1 8(51 8], i 5'8(;7-871 4.8704 2 (;7:?1 j 

19 -2 .8Gs-(;r7o77.s.ss 1-;?81S;2-(;777 ! 

19- :) 872 49 7J.8'.)-057il-:;9a2'2-(i824 ' 
19-4 :;7«i-:;(; 7801 IIS 1 4 - 10 ( 5-2 (is 70 . 
19-5 aso-2.5 7lll-875 l 1 ] ' MiHJG: 
r.) (i asl-J(;,7;,;_"|.7aG'4-4272''^459G2 ’ 
19-7 :;8s-09 7.ii8 .i*;>;i. 4:;85;2-7008 : 
19-8 :;92-04,7).;2-. 'i-M lf.)7:2-705a I 

19- 9, :>9G4)1;7.880-5'9. ,1-(()09!2-7099 ' 

20 ,100 ,8000 ,!4 -1721 2-7144 ' 

20- 1, 401-01i8]20-G01 'Msaa l*-7Jv 89 
20-2j4()8-0 1|82 12- 108^4 • 1944; >-7*>a4 
20:?rn2-0'.)|8:?G5-4'2f!l-5()55 
*0-4i 11 G-IG 8489^50 111 -51(5(1 
20-5! 420-25, 8(51 r,- } 25»(4'.?277 
20-G' 424-8(5187 1 1 -81 (;| 1-8887 
20-7: 428-49jS8(59-7 iai4-r)497 
20-81 4:i2-G4|H998-912:4-5(i07 

20-9; 1:{(5-81 i.-.m! 


12-7279 

2-7824 

2 - 7.808 

(2-7418 

I2-7457 ; 

-7502 i 
i.r f: ) r I 
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TABiiK OF Squarks, lRTc.—Cof«:in7ied. 


i No jS(]iiaiv.r ('ube, | 


}S»^uar«j UuIhj 
Hoot. Root. 


121 1 441 ! 1)261 4*r)82<j;2-75Hi) 

|21-l| 445-21! l‘Hi)H-‘'»6li4-51)35!2'7633 
121 '2, 441)-44i U52H-128 4 ()()43!2-767(> 


j21-3| 4r)3-69j 9(K)3*r)l)7;4‘6ir>2 2-772 

121- 4! 457-yC 9800-344:1 •626 2-7763 
i21;5j 462-23; 9938-373:4 -6368 2 7806 
■21-6; 466-36j 10077 -696 l.-6476i2-7849 
|2l-7i470-89il0218-313,4-6386'2-7893 

21 - Hi 473-24|l0H(;0-‘}32 ;-6<i9 2-7935 
;21-9j 479-6i;j0303-439 4-6797 2-7978 

22 484 10648 !4'6904 2-8021 

j22-li 488-4 M0793-8i;i 1*7011 2-8063 

122- 2i4!)2-8 1,10941-048 1-71 17 2-8103 

22- 3,497-29 11089-367 1-7223 2-8117 
22-4 301 -76 1 1239-42 1 4-732i| 2-8189 
22-3' 506-23 11390-623 4-7-134 2-8-231 
22-6' 310-76 11343-176 4-7339 2-8273 
22-7i 313-29 1 1 6‘)7-(183 4-764 1 2-8314 
!22-8! 319-84 1 1832-332 4 774!) 2-8336 

22- 9' 324-41 12008-989 4-7834 2-8397 

23 329 12167 4-7938 2-8438 

23- 1 333-61 1-2326-391 1 •80)12 2-8479 
23-2 338-24 12187 168 1-8166 2-8321 
23-3 342-8912649-337 1-827 2-8362 
23-4 547-36 l-28r2-901 1-8373 2-8603 

23- 3 332-23 12977-873 1-8177 2-8643 

•23-6 336-96 13144-236 1-8.38 2-8681 
,23-7' 361-69,13312-03.3 1-8683 2-8724 
:23-8 366-44 13481-272 1-8783 2-8763 
'23-9 371-21 13631 -9r.i 4-8888 2-8803 
,24 376 13824 4-899 2-8843 

'•24-1 380-81 13!197-321 4-9092 2-8883 
,24-2 383-04 14172-488 1-9193 2-89-23 

24- 3 39()'49 14348-907 4-9293 2-8963 
24-4 393-36 1 4326-784 4-9396 2-9004 
24-3 600-23 14706-1-23 1-9 1!»7 2-901 1 
24-6 605-16 1 1886-936 1-9.398 2 -‘los;! 
•24-7 610-09 13069-223 4-96!>9 2-9123 

24- 8 613-t4 13232-992 1-9799 2-9162 

|24*9 620-01 13438-249 1-9899 2'9201 
[25 623 13623 3 2-9240 

25- 1. 630-01 13813-231, 3-01 2-9279 

25-2: 633-04 1 6003 -OOk 3-02 2-931 8 

25-31 640-09 16t94-277;3-0299 i?-9337 
23-4; 645-16 16387-064,3*0398 2-93^3 
;25-5i 630*23'l638l'-373 3*04!»8;2-9434 
|23-6 633-36 16777-216 3*0396 2 9472 
125*7 660*4!)il6974*393;3 0693:2*9311 
!25*8; 663*64 17173*3r2‘30794!2-9349 
!25 *9' 670 -Hill 7373 *V79,3*0892'2-9387 


No. IStiuare, 


26 I 676 
26*'xC68i *21! 17779*381 


t'ubt*. 

>7376 


26'2 


2^*3 69i*69 J8191-447 


686*44 :17984*7v>8 


26-'4 696*96|183!)9-744 
26*3 702*23118609*625 
26-6 707*56ll8821/096 

26- 7 712*89jl9034*16:{ 

26*8 718-24il9248-832 
2)y*9 723' 61 ! 19465*109 
27 729 .19683 

27*1 734t< 1 ‘l99()2-5n'5*2058 
27*2 739-84 20l23-648'3*2154 
27*3 7 15-29 20346-417 5-2249 
'27-4 750-76 20570-824!5*234'3 

27- 5! 736-25 20796-875 5-244 
27-6! 761-76 21()24-576 5-2536 


Square! 

Root. 


5-099 

5-l'988 

5*1186 

3*1284 

5*1381 

5*1478 

5*157. 

!5*16!?2 

5*1769 

5*1865 

5*19623 


2*961 
2-96( 
2*9701 
2*9736' 
2*9776 
2-9814 
5 2*9861 
2*9888i 
2-9926i 
2'9963; 


27-7} 767 •‘29'21353-93:-13-2631! 

27- 8j 772-84 21 48 1*952 3*27261 

27*9, 778-4 1 1217] 7-63!I 5*282 
28 1 784 :2V 952 '5*2913 

28*1} 7H9-61 ’22188*))1 15-3309 

28- 2: 795-2 1,22 125-768 5-3104 
28*3; 800-8!) 22665*J87'3*31!)H 

28- 1; 806-56 22906-30 1 5-3292 

'28-5j 812-26 23 1 l!l-125 .'•3383 
‘>8-6' 817-96 •233!)3-636 5-3479| 
-28-71 H23-6!) 23639-903 3-33721 
2H-8| 829- 1 1 23 s,s 7-872 3-36(»6l 
•28-9;S33-21 2 1137-309, 4-3759,' 
29.; 811 :24389 5-3852i 

2!)-l|Sl6-81 21642*]7‘l 5-3!)44| 

29- 2; 8.V2-)i 1 2 1897-088 5-1037 
•29-3! 8.58- ^!» 25153-757 3-11^1 

29- 3: 811 1-3); 23412-184 4‘M 
-29-3' 87))-23 23672-375 5-4314 
•29-6, 876-16 25931-336 5*4406 
2!)*7! h82*0!»,26198*))73 5*1498 
•2!)*H| 888*)I4 •26463*5!)2'5*4589 
•29-9! 

30 
30*1 
30*2 
30*3 
3:)*4 
30*5 

30*6 936-36 

30- 7 942-49 
30-8 948-G’4 
30-9 954-81 


8!)4*0i;26730-8y9 5-4681 
90(1 !279(|f) 5-4772 

906-0 1 127-270-!»01, 5-4863 
912*04!27543-608i5-4954 
!)]8*0!)*'178l8-r27i5-5045 
!^4-l«j28094-464:5-51868 
!)30-25!28372-623;5-52265 
28652-61615-5317 
28934-448I6-5407 
29218-11215-6497 
29508-629I5-558' 


Culw 

Root. 


8-0087, 
3 -0074; 
H-Olllj 
3-0147, 
8 -0184: 
3*0221 
3-02571 
3 0298i 
3-038 I 
3-0366, 
13-0402: 
.*^()438; 
13-0474- 
3-051 ! 
[3^3546* 
3 -6581 1 
3-0617' 
13-06521 
3-0688, 
13-0728! 
|3-0758 
3-07941 
18-0829: 
'FN8!64i 
3-089J|( 
3-0984 
3-0968; 
3-1008! 
8-1088i 
8-ld7& 

8-U07i 
8*1141 
3-1176 
121 
5-1244 
8-1278 
8-1812 
3-1846 
178*188 



APPMNIHX 


Table of ^guARifs, 


Wjimt *29701 p-ZiOlH :J>4T4 
• Higy 96J21 30080-231 5*o767Ba44H 
81-2 1)78-44 30;l71-'?i28 o-fjH.'y? 3-1481 
,8i-3 979-09 300()4-207 ri-.504<43-1^5 
814 1)85-00 30050-J44 5-W35'3-ir)48 
81*6 1)1)2-25 31255-875!5-0121 3-1582 
31-0 1)08-56 3155f -400:5-021 3 3-] 015 

31- 71004-80 31855-0T3|5-03(»2 3-]fi4H 

81 - 8 *01 1-24 32157- 432|5-0:|')1 3-li;7] 

in-O 1017-01|32401 -751) 5-04S 31715 
32 }l(t24 3270H 15*(5500 3-171 h 

32- l!l030-4lmo7010l5-<{n50 3l7Ml 
32-2|1030-84i 33380-2 18 5 0745 3- lH14 
32-3jl043-20!33008-207i5^;H33 3- J S47 
32-4 1040-70|34012-221 5-0021 3 -Ikh 

82- 5 1050-25|343-2H-125 5-700S 3*1013 
82*0 1002-7o!3 10 15-070 5-7000 3-1045 
82-7 1000-21)|34005-7H3 5-7183 3-107H 
32-8 J075-H4'352S7 -552 5-7271 3-201 

32- y, 1082-4 1 .TjOI 1 -28^ 5-7358 3-20 13 

,33 1080 ;35037 5-7440 3-2075 

88-1; l#)05-0l, 38-204 -001 5-7532 3-2IOS 
88-211 102-24!3050 )-30 h 5-7010 3-21 1 
33*3:1108-80,30020-037 5-7700 3-2172 

33- 4A1 15-50:37250-704 5-7702 3-2204 
38*511 132-25^37505*375 5-7870 3-2*237 
33-0ill28-00:37033-050,5-70«;5 3-2200 

33- 711135-00 38272-753 5-t<05l 3-2301 
33*8|ll42'44 38014-472,5-8137 3-2332 
88-01 1 140-21 ;:?h058-21o'5-8-2‘23 3^30 1 

,34 . '1150 '3!t30l 5-S.tl 3?3O0 

84-1 !l 102-81 13005 1 82 1 5-8305 3-2428 

34- 2;1100-04' 10001-0,88 5 8 18 3-240 
84^!1,W41;^0353-<;o 7 5#50r. 3-2101 
34-4in83-30'40707-584 5-8051 3-2522 
S4-5{ 1100-25; 11003 -0-25 5-8730 3-2554 
34-0 1107-10' 11421-730'5-8 h21 3-2580 
84-7 120 1 -0014 1781 •0-23 5-8000 3-2017 

84- 8 121 1-04:421 44-1 02 0-8OOI 3-2048 

m 1218-01 42508-5‘4}rr'0070 3-2070 i 
35 1*225 4*287.f 5-01013-2711 

, 85-1 1232-01 43243-551 15-0245 3-2742 

85- 2 1*230-04 43014-208^-033 3-2773 * 
85-3 1246-00 43080-077|5;)41 4 3-2804 . 
85-4 1258*16 44361-804:5*0408 3-2835 ! 
86’6 1200-25 44738-875 5-0582 3-2800 ^ 
85’6 1*207-36 45118-010 5-0000 3-2807 : 

1274-40 45400-203 5-4)740 3-2027 *5 
1281*64 45882-712 5 0883 8-‘2058 
1^8-81 462<?R-270 5-4|017!8-2089 4 


it Etc. — Continued. 

' No. Lsnnare. I fJube j 

. i m Jioot. Root, 

f 30 |1200 . 140(450 6 3-3010 

< 30-l|1303-21 ♦7045-881 6*0083 3-805 
L 30-2|l310-44 47437-028 0*0166 3*308 
1 36-3;i317-G0l47832-147 0-0240 3-3111 
) 3i)-4il324-06!48228-544 J-0332 3-3141 
! 30-5!l3.32-25;480‘27-125 0-0415 3*8171 
\ 30-0|1.330-5(f[40027'80(;; ,-0408 3-3202 
I 30-7 1340-80^044{0-8(;3|0-0581 .=>3232 
30-8il.35|-24 10830-032 0-0003 ;{-3262 
. 30-0 1301-01,50243-401) 0-0745 3-3202 
‘ 37 1300 j50)w3 |0-08-2H 3-3322 

37-1 137r,‘4l|5]004-81li);-01)l 3-33,'5*j 
37-2 1;;83-H1i51 47><-84h'o-0002 3-.3382 
37-3, 1301-20;5lH05-n7lO-l074 3-341“^ 
37-4 l.fl)H-70,52H13-0-24:0-l 150 3*34 42 
37-5 1400-25:52734-375 0-1*237 3*3472 
37-»» 1413-70'53157-3700-13103-350] 
37-7 1 421-20,53582-033 0 14 3-3531 

37-8 14-28-81 54010-152 0-1482 3-3501 

37- 0 1430-11 54 130-030 0-1503 3*350 

3K 144 4 ;54872 0-1044 3-302 

38- J 1451-01 55300 341 0*1725 3-3040 

3H’2 1 15O-24'55742-00H ()-l80(;j3-3071) 
38-3 1400 -h<) .50181 -8^7 0-1HS7 3-3708 
38-4 1474*50 50023-104 0-1008 3*37,37 
38-5 1482-25 57000 025 0-2048 3-3707 
38-0 1 480-00 575 1 2-450y)-2120 3*3700 
38-7 1 407-00 57!HiO«003 0-2200 3-3825 
38*8 1505- 1 1 58411 -072,0-220 3*3854 
38-0 1513-2J,58803-800()-237 3*3883 
!'• 1521 ;50310 ,0-245 3-3012 

.,0-1 l5-28-81,50770-47l 0-253 3-3041 
30-2 J530-04'00230-288 0-201 3-,307 
30-3 15 14-40 0(0008-457 <) ■200 3*3000 
30- 1 1552-30'01 102-08 1 ()-»"0,0 3* 4028 
30-51 500-25 )'il0)20-875;i;--2'. *;) 3- 1050 
30*0, 1508-10'0-2000-J 30,0-20-2!) 3-4085 = 
3!)-7 1570-00 *257*773i;-3008 3-4114 
.30-8;l.584 -04,0,10 1 \ 'O-J ,,-;i087 3-4142 
30-0 1502-01 '635‘2J -loO 0-3100 3*4171 
40 ilOOO j04000 • 0 3-‘40 3-42 
4O-ri008 01t)448l-20li0-3325 3-4228 
40-2J010-04:04004-808|0-3404 3-4250 
40-3 1624-0<), 05450-1^27 0-3482 3-4285 
•?0-4:i(;32-l(>;(>501*0-204;0-3501 3-4313 
40-5; 1 040-25|00430 • 1^5,0 -3030 3-434 1 
40-0 1048-30, 00023-41(;1 g- 3718 3*437 
40-7 1050-40i07410 ]43|0-3706 3-4308 
10-8;1<;04-04|67011*312|0-3876 3-44‘20 
40-0il()72-8l!08ll7-0*’0i0-il053 3*4454 



^82 


rMO’rOR CAB#* MECHAtHSM 


41 

|4M 

41-2 


N(» 


Squaiv.' 


Tvulk of SQUAREa, Etc. 


-Continue fl. 


)• 1 i'i'l 25-21 U71)72-lHllr)-7697 3*0^66 
r2]2i;{ 1-4 1 !>N(;fl'r2Hl(;'7iF7l!3-5882 
r.}j2 1 ‘V3'<>9 992r)2-847!rrH044iH-r)908 
‘.•4 2152-9(1 <i9sV.7-:U4|(i-Hl 1K13-/)984 
1(;-5|2 1 (12-25 I ( )( )5 1 4 •(1251(1 -Hi 91 !3-r)9r> 
H1-(;'2]71-55 101 I9 j-I 190;0-H‘.^14:3-59H6 
4»l-7 21S0-H9 l01Hl7 5l):i'(rH;(:{7!8-()()ll 

m h: 219()-24 io2503-j;i2ii Hii i,:k>oh 7 
U-9il755-lll 7:55i;0-059|ll-47:t ,:J-47:i:l|ltr9 2199-(11 ^UK-Ulll -71)9 ll-H4H4‘fl-r)0ft3 


[IGvHJ .(18921,. (i-J0:n;H-%482 4(i ^yi(l 

!l(lH9-21(if)12r)-5H>;(l-4l09;i-45l 4 il-l!‘>l‘>A-‘ 
11197-44 I199;M -5281(1-4 187 ;i-45:iH 4(; 

41-3 1705-(19 704 U'997j(l-42(15 3- 45(1(1 4(1 
41-4 1713-9(1 7((957-9H|(i-4343 3-15V4 4(1 
4l-f 1722-25 71 473-375j(l-4421 3-4(122 
4l-(} 1730-5(1 71991 ^IMlir.-l 198.3- 1(15 
1 1 -7^ 738 -H9 7251 1 -7 1 3j|l- 4575 3-1(17 
41-8jl747-21 73031 (132i(l- 1(153 3- 1705] 


i42 1 17(11 710.8S 0- 4807 3- 17(1 

,42 ■ 1 1 772- 1 1 7 4»1 1 s -4(11 (1- 188 1,:;- I78sj 
42-2 1780-81 75151-1 18 0-19(11 3 iHi: 

1 12-311 789-29 75(18(1 907 0-5038 3- 18 l.i 
; 12-4'l797-7(l 70225-02 1 0 51 l-l.l- K 
i42-5il8O0-2 7(17(15-025 0-51'.»2 3- ls9.8|l 

42- 0' 18 1 4-70 77308 7700 52083-1915 

; r2-7il823-29 7785 1 183'0-53 15 3- 1952] 

, 42-8 183 1 -8 1 78402 752 0-5 1-22 3- 198 
,42-9, 18 40-11 78953-589 0-5 198 3-5007 
43 1m 49 79507 0 5574 3-5o:; ij 

:i3-ri857-(ll 8ooO-2-9'.ll 0-5051 3-50(11 

43- 2 18(10 21 80021 508d .5727 3-5 <inn] 
,4.1-3 187 1 89 81 is2 7.’l7 0-5''(i3 3 
, 43 - 1 1 .Ss3-.5(1 .8 1 740-50 1 il 5'<79.’l 
> 43 - 5 ' 1 892-25 82.1 12-875 0-595 I 3 
43-0 1 900 -90 8-2881 -.8 50 1 ; 003 3 

13- 7 1909-09 83153- 1530-01(m;. I 
43-8 1918-11 8 10-27-072 0 0 1 82 3 

43- 9 1927-21 8 1001-519 0-0257 3 

i4 4 ;i930 8518 1 0-0332 3 

44- 1 191 1-8} 8 5700 121 0 <1108 3 533 
4 1-21953-0 1 80350-88'^ 0 0 (83 3-5;i5' 

4 4-3 1902- 19 s«-, 938-307 0 0558 3-.538 

14- 4 197 1-30 8752.'' -38 10 00:!3 3 511 
,415 1980-25 88121 • 1 25 0-07d8 3-5 1;*.' 

14 01 0'^o- 1 0 8 k 7 10 .5;’,o 0 r,7.8:; 3-5 i»i; 
41-71 99.8-09 8931 02:5 0-0858 3-5 19 

, 1 4-8 -2007-0'* 899 1 5-392 0-093.1 3-.5510| 
‘44-9'2010-01 !»05 1.8-8 49 0 7007 3 
45 i-2025 91105 (1-7082 3 -.5509] 

45- i:-203 l-Ol 917;i:i-.851'(l-7].57 3-559 
,45-2 2043-0l 9-2:1 45- 408,0-7231 3-;i0-2' 

15- 3:2052-90 9-2'.^, 9-077.0-7305 3 5048| 
45- 4I2001 -10 9;i57(l-/l(l 1 (l-7:i8 .:4-.507 
45-5 i070-25*9 4 r.Ml-375.0-7 45 1,3-57 
45-(V-2O79-30 9 4818-81 041'7528i3-572(' 

; 15-7 -2088- 19 954 43-99;i'0-7002'.4-57.' 
!45-8 2097-04 90071 -91 2;(l-7070i3-577 
.45-9'2100-81 90702-5V9]0-775 13-580, 


511 

51 12|4 

51(1!, 

519( 


5;i(t;: 


quart- 


Culit*. 
V)7330 ’ 


[Stpiarej (4ube: 
Koot. Root. 


2209 ^ '10382:1 '0-8557’'3-008H 

I ■221.8-11 101 187-11 l,4i-80293-0114 
•J •2227-8 1 10515 1-0 4.'-:(l-8702 3-(U 39 
22:i7'-2H,lo5823‘8l 7'0-8775 3-01(15 
I -2210 70 100190-1214; 8848 3-019 
5 2250-25 107171 875 0-892 3-02lOi 
il2-.9;5-7(; 1078.50 17(: (i-.8993 3'(i241 
7 2275 29 108.5:11 -:;33 0-9(l()5 3-0207! 
7-8 -228 1-8 1 109215-352 0 9138 3-0292| 
tt-2291 41 10990-2-239 0-921 3-(;H17 
I.-' - 2:101 110592 0-9282 3-0342 

8 1 - 2 . 11 : 1 - 1.1 11128 1 04<; (;-i»:i5}4;-03()8 
1 . 8-2 2 . 12 : 1-21 1 1 1980 10" 0 9420 3*0393 
18 ,1 -2,132 ■'9 1 1-2078 5.87 0-9198 3-()418 
I 2.1 12 50 1 I .i:i79-90 1 0 957 :i<0443 
5 2 : 15 -' 25 1 1 108 1 - 1 25 0 - 9 O 42 3-0408 
C. 2:101 90 1 1 1791 -250 0-971 I 3*0493 
7 2:171 09 1 1.5501 -ilo.-l 0-9785 3*0513 
18 2.1." I 1 1 1 1021 4 -. 72 0-9857 3*0543 

18 9 - 2 : 191-21 1 109:iO-l(;9'0-9929 3*6508 

49 *2101 117019 ’ 7 3*0-593 

191 2110 8l 118370 771 7-0071 3*0018 

19 'j,21-20-0l 119095-188 7*01-43 3*0043 
49 . 2130- 19 1 19823-1 57 V-O‘J¥Vr;^*(VA08 
19 1 2110-30 12o55;{-7.8| 7-O285 3*0(';92 
19-5 -2 1.50 *2 5 1 *21 ‘287 375 7 0.3.50 3*07lV 
i:< 0 2100-l(i 122O23-9.!(;7 -o427'3*0742| 
9 7 2 170*09 122703 173 7-0498 3-6766| 
9-8 2 4.80 01 1*23.505 9'.<2 7*0509 3*6791 

-2190*01 12 1*551 *499 7-004 O-OHUiJ 
7-0711 3-0B4 
7-1 1143-7084 
7-21 11 3-7325 
,7-2801 3-7568 
7-3485 3-7798 
7 -4 10243-8(13 
7-4833;3*82S9 
7-549813*8486 
7'015Hj3*8709 
;7*081li8‘898 


.50 '2500 

125l!Ot. 

51 ,-20ol 

i;i'2(;5] 

5-2 "270 4 

1^0008 

5:; 2.80'.) 

^1 18877 

51 ,2910' 

157101 

.55 ;:J025 

100:175 

.50 i3l:;0 

175010 

.57 ':{219 

0)85193 

58 ;;i304' 

,195112 

59 13481 

J2()5379 



APPH^^)IX 


.i§? 


TAnr^E OF SguAttFs, 


‘No. ii^ijiian* 

4 

1 Cull.'. . 
► ‘ .JL _ *_ 

Sqtia^ 

llool. 

lloot. 

No. 

Stpf ir^' [ •tiubc. 

»Squar(* 

Hoot. 

Cube 

.Root. 

60 

H600 

216,000 

• 

7*716 

•?M)140 

KO 

6400 

012000 

•8*0440 

4*0080 

61 

^1701 

, 2S60KJ 

7 -SI 02 

O-OOOf) 

HI 

6661 

601441 

0 

4*0*267 

6‘J 

:iH44 

i ^OK.'OiK 

7-S71 

0*0670 

S2 

67*41 

661068 

0*0664 

^4*0446 

66* 

:i060 

261^)47 

7*0070 

0*0701 

KO 

6880 

671787 ! 0*1104 

4*3621 

vi 

1006 

2621 1 1 

s 

1 

H4 

70.6^ 

602704 

0*1662“ 

4*0705 

f).) 

1’J26 

' 274626 

H^or,2:; 

•l*0207 

86 

7*2*26 

6141*26 '0*2106 

4*0068 

(il) 

40:)() 

2H7106i 

SI 21 

4*0412 

86 

7006 

606066 

0**2706 

4*414 

67 

1 ISO 

00076;{ 

#*1S61 

1*06,1.6 

87 

7660 

668600 1 0*0274 

4*431 

6s 

41121 

01 1102 

S*246,2 

1-OS17 

88 1 

7714 

681 472 

0*0808 

4*448 

60 

1701 

02s 600 

S-0066 ' 

1 loii; 

SO 

7021 

704060 

0*404 

1*4647 ' 

70* 

4001) 

OlOOOlf 

; S'066,6 ; 

11210 

Oli; 

8100 

7*20000 

0*4868 

4*4814 : 

71 

6011 

06701 1 

S-1261 I 

llios 

of' 

828! 

76067 1 

0*6001 

4*4070 , 

7'J 

61H1 

07021s 

K-i8.-,:5 1 

1*1602 

02 ; 

8 16 1 

•/7H688 

0*6017 

4*6141 

70 

6020 

0S0O17 

sr,44 

1*1700 

00 

86, 10 

804067 i 0*6107 

[ 4*6007 : 

71 

6 176 

40622 1 

s 0 , 020 ; 

1*1 oso 

01 

8806, 

800684 

0*6061 

' 4*6468 ' 

76 

6626 

121S76 

; s-(‘,6,oo 

1 2172 

06 , 

0026 

8.', 7076 

0*7168 

4*66*20 ; 

76 

6776 

losfro 

s-7 17s 

1 206S 

06, 

0216 

881706 

0*708 

4*6780 

77 

6020 

166,600 

s-776 . 

) 2610 

07 

0400 

01*2670 

0*8480 

4 ■6047 ' 

^s 

60'^ 

171662 , 

, s-.s:;is 

1*27*27 

Os 

0601 

0 1 n 02 

0*8006 

4*6104 

70 

6.2 1 1 

I'OOOOO , 

S-XSS2 

1 20OS 

00 

0801 

070200 

0*0100 

4*6*261 : 
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MOTOR CA’H MK(’HAXIs:^t 


Areas ani» 'C liiiruMFERKNrRH op v-ikh-ks. up to in. iVameter 
(Aii;anl’Ix\(i m Il2\ns 


Diii. 




i 


•O'JSl 

•2! nr, 
•.TA27 


A'ri-a. I ])|;i (’ircutu. 


I 


’i.- 


\\i 

I f. 


•(KM»7 

•01227 
i '. iO^I -01 M2 
j •02701 
•(iH72j •():-{7r. 
•7S.‘,li -oimomI 
i -HH’IAI -0021 
!>S17j ’O?!)? 
]-0700j -OMiS 


Aroa 




1-17H] 1101 

l-27(>2j -l-iOi; 

1- :i744j •loOII 
M720I *1725 

. i - r ) 7os , -mw 
! l-G(iHM'.‘22lO 
t’;.i 1-T771, -21^5 
•27(iH 

;; , - AOC.H 

l\ i 2-0(;i(;! -.Msj 
l.'.l 2-lo'.»s: •;5712 
2‘2/i^ •ior,7 

•2-.-}o02| •1117 

2- 45 O'.; •170;{ 
2':)5‘25' -AlSf, 
2‘<)507, •5501 
2-7 ISM' -001 :5 
2'847 I -015 
2 -04521 - FlMOO , 
?l-01Hli -707 
;}-141o| -fx,! 
>S’Jt 271^1 •SSfiO 
.‘i-SOdoi -004 
:3-7:^Ooj 1-1075 
:i-027 If -2271 
4-l2:i:i,ii-;{5a 


i 


' 1 -Ml 07 1 1'4H4S[ 

! i - sir , I m ; 22 o | 
! 4 - 7 l 2 l| r- 7(;7 
I l-OOS 7 i 1-0175 
5- 1051 1 2 ' 07 H‘)| 
i 5 -:{ 0 i li 2 - 2 :{r.fJ 
I 5 - 107 S. 2 - 1052 ] 

: 5-001 1 i 2-5S 
5-S0O5| 2-70 1 1 
' O-OHGS] 2-0|s;{| 

I (>-28;52j :M llfil 

! ()-i705; 

0-0750 


: 0-S7-22 
! 7-(M,s(;‘ 
! 7-20401 
: 7-4(.l:' 

7*0570 
■ 7 -851 
' H -050.1 
H-2 107 
''•41;! , 
.''• 0 ; J0 1 
: S-S.15' 


‘lliol 

541 

,1-75S 4 
:{-!l7i 
1-2 

I no2| 

l-Ooi. 

I M(K 
5-157. 
5-1! I 
5-072 
5-m;!0 
0-21 -2( 


0-OH21, 0 40l.s| 

! 0-22'<l. 1. 

' 0 liilN . 7 - 01^0 
0-0211, 7-.;0li2 
' *.1-S175' 7-0000 
10011 I 7-070S 
'10-21 : s-20.57 

, 10-100 I ''•■OIS 
S-'0102| 
9-2.S07I 
0-0211 


: 10-002 
i]0-70J 
ilO-005 


ill -101 j 0-008 

iii-;iKH j 10-82 


r>i!i. (5nnm. Area. 


^1,'. 
•0 j 

i’ 

1 

‘t’. 

41fJ 

■4 

Im‘ 


•■>i 

•4 

5 

5i/. 

*■ 

'0 

54 

1 

H 

^5|;; 

54 


n-5S4 
11 *781 

11- 077 
T2-17.1 

12 - ; iO!l 
12-500 
12-702 

12- 050 
i:M55 

13 - ;151 
18*547 
ri * 7l4 
18*01 

C 1*1 .87 
14*8.88 

14- 520 
11-725 
1 1-022 

15- 110 
1 5 - 8 1 5 
15-511 
15-708 
15-001 
10-1 
10-200 
10*108 
ir.-08o 
i«;*88r, 
17-082 
17-278 
17-174 
17-071 

17- 807 
18*(K;4 
l'^*2.81 

18- 457 
1H-G58 


10*0?0 
111 *044 
11*410 

11 *7081 
12*177 
lf*5G0 

12 *0021 
I8*804| 
1.8*772 
14-18G 

,ii*oog! 

15*088 
15*105 
15*:k)4| 
io*;MOi 
».o*8 i 
17*257i 
17*72 I 
18-10 
18-005 
10*147 
10 *085! 
20*120 
2t)*020 
*21 ‘185 
21-047 
22*]G6i 
2'i.G0« 
28-221 
28-758 
24-801 

24- 85 

25- 4(H>! 
25*007 
20-585! 
27-108! 


| 27 * G88 



ar CmcTiCB ADVj^ciKn bt IOths. 
Area-i, 
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MOTOir CAB MiOCHANlSlvr 


Mk jiu(’ 

E(^r]\ ALKNT.^. 

1 nintiin«‘t.r(' 

- oqtimv in^ 

1 sq. wntimcivf . 

- O-irMOtt,!. in. 

1 cni). iM'ntmK'tn.' 

OMXilO (*nb. in. 

1 kiloffriiia 

lb.*) 

1 kilo^'rain-iiu'tic 

Hi)-.S2 111. -lb. 

1 (icntiiiu'trc p< r src. . 

- O-OdiS ft. ptT b(‘c. 

1 j'fajij per sq. (a-iitiiiH'tic , 

(bOl 12 lb. per sip in. 

1 ^rani per eul). c<>ntinictrc 

- 1)2* 12 lb. per cub. ft. 

Amiloralioi) due l.i» j'unity 

d2-2 It. ]icr ^icc. 

.. 

-- DHl'l ccntiin(‘t)’i‘s per see. 

1 111 

2-Al ccntmictics. 

\ sq. lu 

<*»•') 11 sq. cent inictri'K. 

1 cuh, la 

l<)‘lks cub. ci'iitinictrus. 

1 lb. (avoirdiipoihl 

•lA.'lb kilot^riuii. 

1 ft. per 

HO-ds c(>ntinHd,rcs per scc.*^ 

] lb, per Rq. m. . 

b'.biU •'Diiiis pci sq. centimetre. 

1 lb. [)t*r cub. in. 

‘i'S.blO {Tiaiim pcr^cub. eenti- 
iiiclrc. 

1 11), [icrcub. ft. . 

0-0]ti()22 jfram per cub. centi- 
metre. 

1 in. -lb 

- 11 •')2 p'ram-ceiitimetres. 



APPKNPIX 


IWI 


K<.)l[lV\M'Nr VaIIIKS ok MiIXIMKIIIKS and In(HE‘<. 


Alilli- 

iiK'trcs. 

lll''lu‘S. 

Milli- 

riii’Tr<’s 

Tlf> lies 

Milh- 

• 

111* llt'S 

Milli- 

tiK-l 

IllcllON. 

r 

•o:;oi 

27 

1-0000 

00 

2-OSO.O 

70 

0-1100 

2 

•07H7 

2s 

1-1021 

04 

2-1200 

80 

0-1100, 

;} 

•llHl 

* 20 

11117 

OOt 

2-1004 

8] 

0-1800 

1 

•i:»7'. 

00 

1 isll 

00. 

2-2017 

82 

0-2281 


■loos 

01 

I -2200 

07 

2-2441 

80 

0-2077 

i; 

•2:-o;2 

02 

1 •200S 

Os 

2-2S00 

81 

'0-0071 

7 

•27-’)0 

00 

1 -2002 

00 

2 -0228 

80 

0-040,0 

H 


01 

l-OOSO 

0)0 

2-0022 

80, 

’ 0-0800 

1) 

■;j:.A 

O") 

1 •07S0 

01 

■ 2-4010 

87 

I 0-4202 

10 

•:;o:!7 

00 

Ml 70 

02 

2-1110 

88 

!o-if;4(; 

11 

■mi 

07 

M007 

0.0 

2-1800 

80 

, 0-0040 

12 

•1721 

OS 

1-4001 

0.1 

! 2 01 07 

00 

0-0400 

1;{ 

•oils 

0'.» 

1 7001 

00 

; 2-0001 

01 

0-0827 

U 

•r)-,i2 

40 

1071S 

00 

; 2-0084 ' 

02 

0-l>221 

jr, 

•r)00('. 

11 

I -01 12 

0.7 

1 2-0,078 

00 

0-00,14 

10 

■0200 

42 

1-0.700 

Oi.s 

' 2-0772 

01 

0-7008 

17 

'0000 

10 

■ 1 -0.020 

00 

2*71 0.0. 

00 

0-7402 

]Si 

•70K7 

11 

1 -7020 

70 

2-7000 

00, 

o-770(; 

10 

■71 HO 

lo 

T-7117 

71 

i 2-7000 

07 

0 818!) 

20 

•7S71 

40 

1 Hll'. 

72 

^ 2-8047 

08 

1 0-8080 

21 

•S'JfJS 

17 

1-S701 

70 

1 2-8740 

00 

: 0-Ki)77 

2*^ 

■socti 

^4S 

1 -SSllS 

74 

; 2-0104 

100 

0-!)0>70 

2;; 

•ooo:) 

to 

1-0201 

70 

■ 2-0028 



21 

•'.14-1. ( 

oo 

1 -00.87 

70 

1 -2-0022 

(100 m a, ^ 

2.') 

•0S40 

01 

1 2-0070 

77 

1 0-0010 

1 (U-m nu'trc.) 

20 

1 •0200 

02 

2-0170 

7s 

1 0'O70!> 

! 

. 
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MOTOB CAR MECHANItiM 


Kll.(Kn;\MMKK IN roUNJi.s, 


1 Kilos. 

f’OUIHls. 

Kil»»s 

Poumls. 

Kilos. 1 I’oilHils 

Kllo.s. 

I'oimds. 

1 

2*205 

20 

57*820 

51 112*480 

7<'. 

lO: *551 

‘j 

4*400 

27 

5!>*525 

52 i 114*040 

77 

100*750 

! H 

()*01 1 

28 

01*720 

58 i 110*845 

78 

171*000 

4 

H-81H 

20 

08*08 1 

54 1 110*040 

70 

174*105 

1 0 

11 *028 

80 

<10*180 

55 ! 121 *251 

80 

170*870 

(i 

18*228 

81 

08*848 

50 • 128*450 

81 

178*574 

1 7 

15*482 

82 

70*518 

57 ' 125*008 

82 

180*770 

H 

17*087 

88 

72*752 

58 ; 127*808 

88 

182*088 

11 

10*842 

84 

74*057 

50 . 180*078 

^81 

185*118 

10 

22*040 

85 

77*102 

00 ' 182*277 

85 

187*808 

11 

24*251 

80 

70*800 

01 184*482 

80 

180*507 

12 

20*455 

87 

81 *571 

02 180*480 

87 

101*802 

i;{ 

28*000 

88 

88*770 

08 i 188*801 

88 

104*010 

14 

80*805 

80 

85*080 

04 : 141-000 

80 

1 100*211 

15 

88*000 

40 

88*185 

05 1 18*800 

00 

1 108*416 

16 

85*274 

11 

!M)‘880 

Oi; 145*505 

01 

2O()*020. 

17 

87*470 

42 

02*5‘M 

07 ( 1 47*710 

02 

202*825 

18 

80*088 

48 

04*700 

08 140*014 

08 

205*080 

10 

11*888 

44 

07*008 

00 ' !«V2*]]0 

04 

207*284 

20 

41*002 

45 

00*208 

70 ^ 151*828 

05 

200*480 

21 

40*207 

40 

101*418 

71 150*528 

00 

211*044 

22 

48*502 

17 

108*017 

72 158*788 

07 

218*8-4,8 

2;j 

50*700 

48 

105*822 

78 100*08'< 

08 

21 0*053 

. 21 

52*011 

40 

108*020 

71 108*142 

00 

218*275 

25 

55*115 

50 

110*281 

75 : 105*817 

100 

220*402 



\PPENltlX 


im 


TThle ok Pj^opeuties ok Satdrated Steam. 


ATwolote Prtissiir* 

1 • 

Tpni|M*riituriMn- 

WeiKhtol InO). 

V'oliiuu* of 1 

^ jM*r 

^ Koiliii^ Point. 

It. ot Sfr:ii„. 

111 . o steam. 


! 

4 - * 

• 

Poiiml''. 

IV.U. Filin, 

PouikK. 

(’nil. feel. 

14*7 

21 20 

-0380 

20 -31; 

15 

•213 1 

•0387 

25-85 

20 

•2‘2H-0 

-0507 

19-72 

• 00 

292-7 

•1425 

7-01 

O’) 

298 

•1538 

0-49 

70 

3U2-9 

•1048 

0-07 

7.') 

307 -0 

•1759 

5-68 

HO 

312-0 

•1809 

5-35 

Ho 

310-1 

•1980 

5-05 

loO 

358 •;{ 

•3377 

2-90 

loo 

301-1) 

•3484 

2‘87 

f()0 

304-3 

•3590 

2-79 

lOo 

300-0 

•30!)5 

2-71 

170 

308-2 

•37!)8 

2-03 

175 

370-h 

•38!)!) 

2-56 

IHO 

372-!) 

•400!) 

2 -49 

185 

375-3 

•4117 

2-43 

100 

377-5 

•4222 

2-37 

•195 

379-7 

•1327 

2-31 

‘4)0 

5«]-7 

•4431 

2-20 

210 

38t; 

•4034 

2-10 

220 

38!)-!) 

•1842 

2-00 

, ,^;io 

393-8 

•5052 

1-98 

240 

397-5 

-5-248 

1-90 

250 

401-1 

•5404 

l-h.i 

200 

104-5 

•5009 

1-70 

270 

407-9 

•580n 

1-70 

2H0 

411-2 

•0081 

>04 

290 

411-4 

•0273 

1 -59 

300 

417-5 

•0480 

1 -54 




INDEX. 


A 

• 

Accelkuati^n f<irc<*s diu' to 
. rtfciprocatiiif' juirt*, 
Accimiulutors, 8'.i 90. 
Ackennann stoc'nug, M4, 11 

ate. • 

Aeliiatiijg gear for pt^mps, .s<v' 
Pump. 

• Adfiiisivo p<jwt‘r, see Trai tiou, 
Adiabatic la^v. li'i, • 
Armatures, see ^fagneto^. 
.Axle, stub, see Wheel iiuniiu- 


B 

Back axle, ng, Pu;, 1:17. 

Ball aud socket joints 11 1. 
^all bearings, engine, LI, 
Bearings, main, 17. 

— big end, lb- 17. 

— projected area of, see Pro- 

jected area 
Benzol, .str Fuel. 

Bevel dri\4ng gear, l;t5-l;5'i. 
Boiler.s, see Steam geiieraiois 
Boyle’s law, ill. 

Brakes, rtild, IHi. i:?2, 1:1:5, 
•i:i7. 

Braking forces, 101 . 

Butlers, see Sjnniigs. 

Burnms, see Vapori/.eis. 


Carburetters — 

Arrangement of, on car, 73, 

, 

Automatic exti'a-air Lvpe, 
00,07 ^ • 

Simple form and function 
of, 01, 

S\mploms, 7-1, Tb. 

\ analilc |el, OH. 

Centifriigal pumps, see Pumps. 
Chain i^uc, i:30. 

Cliaiging acciimuliilois, see 
Accumulator-^. 

('liailcB law, 22. 

Chassis, defimtioM of, 1 
Choke tube, see Carhiireileis. 
ClcuraiKe or eoinpression 
\olume, 23. 

Cliiichi-s - - 

Cone, 111). 

li\ (Iraulic, see Ihdiaiilic 
gears. 

fn\erted cone, 11 '.1-1 21. 
Sjxing.s, 120. 121. 

Coll clutch, 12o 
Compiesbioii pK-ssure^'. 0:i. 

— ratio »•!, 2:1. 

• ’oiiclen.ser. see Magnetos 
Cl. lie (-lull hes, see Clutches, 
(loniiecnng rods, 15. 

Coiitael breaker, see Mag- 
netos. 

(\)ntu)lliug me«-httnisiu, I. 
Cooling s\st('nis, air, 01. 

- — water, 0‘i, '.t^. 
Countershaft bra A-e 

Brakes. 


I Crank effort, see Torijue, ‘hi. 

I — cases, 11. • 

I — pins, 17. 

I — slTafts, 10. 

I Ctit off, see Steary engines. 
Cams, construction of, and | Cycle of operations,, .se» Ku- 
setting out, 43-47. I gines. 


Calorific value ct fuel, 00. 
Cam shafts, 42. 


( 191 ) 



192 


’mOTOE'OAR MECH^mM.1’ 


Cylin(’erB— 

Construction of, 8, 9, 10, 19, 
57,71,72,92,90. , 

Willi dotaUittbie lieods, 50. 


D 


Frame— 

Fittings, 111. 

Force di8i,'rram, tote o^i, 110. 
"J\:aiu, 103, 10(3. 

■Sul)8idiary, VHj. 

Freezing point — 

' , Mir.ture water and glycerine, 
‘(7. 


l)AKRAt\) engine, .w Valves, 
Detaeliablc beaus. .sr<* ('ylm 
der.s. ‘ 

Dilferential, 133, 134. 

— bevel, 135, 1.17. 

— spur, 130. 

Disk ehitches, 124, 125. 
Distributors, .see Magnetos. 
Drag link, .see Stei'rmg gear. 
Dynamometer, absorpaon, 31 


! Water, 90. ^ 

I* Friction drive, 1.53, 155. - 
! Front axle, 111. 

, Front springs, .see Springs. ' 

' Fuels - , 

Cbem^i'jtry of, 00, 01. 

Flash point, 03. 

! I leating value ol, 00, Cl. 

' l'’usil)le pi .g, .see Steam gener- 
[. ators. 


E 


a 


Dc'(’I’.NTUH’, IIH. 

Klectric transmission s\ stems, 
153, 159. 

Kngmes - 

Construetion, 9, 19, 20. 
Cyele of operatum, 7. 
Darr)u.'<j, .see Valvf«,, 
Four-stroke csele, 7. 
Kuiglit, 

Perrot, ,, 

Two-stroke cycle, 50. 
Valveless, 57, *58, 5!». 
lOpieyclie gear, 130. 

Kxliaust pipes, .see tlylinders. 
Expanding tirakes. .see Brakes. 

F 


< 1 \SES, }>r<*})ip’ties of, 21-23. 

— eoutrol of, see Valve set- 

tings. , , 

— ijuaiiLitv of, and velocity of, 

48. 

(.ateeliange, 127, 128, 129. 

( lears atul gear boxes, 125. 
(iear levers, 127, 128, 129. 

( imlyeon imi, 13. 

H 

llKAT, radiating, .see Cooling 
sysl.oms, ratliators, pumps. 
Heat vab es, .see Fuel... 
ilole-Sliaw eluteh, see Disk 
ciutelo'.s. 


Helical pump, .see Pumps. 

Fans, 19, tb’, 90. Hewitt piston valve engines, 

Feeu water beaters, 141. .see Vahes. 

Fire tube boilers, we Steam Hindley w«irm, see Worm- 
generators. driving g(‘ar. • 

Flash generators, see Steam Hopkinson indicator, see Jn- 
generators. clieators, optical. 

Float chamber, see Car- , Horse-powo'r, indicated, 29. 

buretters. ■ j I raKe, 30.' 

Float ng axle, see Back axle. fonnul®, 32. 

Fly-wheel, 18, 37, 90. I Hydraulic gear, 126, 166, 168. 
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I 

lOHiTiONj, see Magnet^ ac- 
Ix^icatoi; dyigrafhg, 24, , 25, 

Indicators, optical , 2R., 
Induction pi^, see- Cylinders. 
Instantaneous centre, 114, 115. 
Ii^ertod 1!bnc c^tclics, sec 
Clutches. • 

Irreversible gearing, J.i7. 
Isothermal law, 

Itala engines, see ^alves. 

J 

Joint knuckle, see Knuckle 
joint. 

— universal, see Universal 

joint. 

K 

^Cnigio sleeve valve, sec 
Valves, 

Knuckle joints, 112, IIH, 114. 

L 

Lanchestbu worm, see Worm 
driving gear. 

Lay slftft, 127. 

Leathei* cone clutch* set 
Clutches. 

Levers brake, see Brakes, 
•—•engine control e Steering 
column. 

— gear, sec Gear levers. 

Link motion, see Valve gear. 

Steam engine. 

Load on wheels, see Traction. 
Locomotive brakes, see Brakes. 
Lubrication—* 

Combined splash and pres- 
«ure, 79. 

Object of, 77.’ 

Pressure, 78. 

Pumps for, see Bumps. 
Spiash, 77. 


M 

Magnetos— 

^mature, 654, 88 
Condensei? 84, 85* 
j Contact breaker, 84, 86, 87 
j Distributor, 84, 86, ^6. 

( ^Locating troubles, 88, 
j Magneto, 82. 

Spark gap, ,Sid, 87. 

Timing, 8^. • 

Wiring diagram, 86. 

Mixing chamber, see Car- 
buretters, 

Mixture, see Carburetters. 

Multiple disk clutches, see 
Disk clutches. 

Musl.foom valves, see Valves, 


0 

. Oil sump, see Tjubrication. 


P 

Paraffin, see Fuels. 

Pedals, brake, 123, 182, 183. 

- clutch, 123, 132, 133. 
Permanent magnets, see Mag- 
net. 

Petrol, Fuels. 

Pilot burner, see Vaporizer, 

I i^in gudgeon, 6CC Gudgeon pin. 

' Pipes, see Cylinders. 

: Pistons — 

, Assembling, 13. 

Construction, 11. 77. 

; Valves, see Valves. 

Plate dutches;, see Disk 
clutches. * 

Plug valves, see Vtlves. 
Plunging joint, see Universal 
joint. • 

Poppet valves, see Vahes,’ 
Pcftver plant, 1. # 

, Pressure, indicating, see In- 
dicator dlkgram*. 

— mean, effective 25‘. 

18 



J94 lOTOR QA.R 


Pnojected area/ bcuf ing.s, 1^. 

pistons, .26. 

Pumps-*- 
Centiifugal,P8. , 
Diaphrligm, 94^.' 

Eccontnc disk, 9H. 

(beared piuwm, 79, 80. 

Hcliuai, 94 

Piston or plunger, 81. 

Q 

Quadrant cliaiige inoclum- 
isiu, .s*r Goar^ and gear 
boxe^ ; gear levers. 

R 

llADlATOUS, 92, 90. 

Kfuliiis rods, Ids. 

Halio of eompression, 2d. 

Pear sjiriijgs, so’ S)>nngs. 

Kesistanci's to inoiion, lOJ. 

Hoots blower, Stf Pum])s 
(geareS. ])unoii). 

Hotar> disk, st’c Valves. 

— vahe, Valves. 


S 

Safety \alvf‘, lid. 

Screw and miL gear. 117, 11^. 

— pumps, s<T I'umpv. 
Selector n>ds. src Gale eliaiige. 
Sleeve valves, .sec Vahes. 
Sliding pi.siou valves, avc 
V alves. 

Spark gaj), sec Magnetos. 
Spec-d geais, .sc<’ Geais and 
gear lioxes' ’ 

Springs — 

Anchoragi', sao Frames. 
BulTers, l')9. 

Formula, 107, 111, 113. 
Front, lOS, 112, 113. 

Rear, 108; 112, 113. 
Supplement' jy, 111). 
Springs^clutoli, see Clutches. 


Starting handles, 18. ♦ 

Steam engine, 144, 131, 
g'^erators, 141, 144. 

-- properties' of, 146!’ 

Steering arns, see Sloering 
ge^r. 

!-sr column, 2, 3, 113, 116, 118. 
i— gear, 112, 113. 122. 123. 
'Stub axle, see \‘v licel mount- 

1 * 
Superheateu strain, 140. ' 

: Sujipleiiieiilary springs, sea 
Springs. 

Misjiensum lliree-point, see 
'I'in ee-pj' .nl suspi-iisioii. 


T 

' Ttii'.uMo .syphon cooling, see 
(’ooling sv stems. ^ 

Tliree-poiui susjicnsion, 107. 
riiroltle \al\ e, -action ul, 66. 
Timing, see V.alvc si'tliugs, 

luagmtos, ' ' 

'I'nlipU'- - 

Ibagram, 16. 

Dblaiumg b> eulcu|^itiou, 

— graphically, 3o, 37. 
Tonpic nn-mi»(‘rs, 109, 138. 
Traction, adhesive power, 98, 
99^1«tk ' 

Tiaiisimssion gearing. 1. 


u 

I’niyersal )ouibs, 123, 129, 
134. 


V 

Valve geai,,- steam engine, 
148, l(>i. 

— settings, 44, 40, 48. 
Valveless, .see Engines, 



Valves#- 
Arratigemont, 41. 
Gams, for, see GamsISi 
Vuid^f, 46. • . 

•Pistons, 65. I 
'Popp4t, 40. 

Rotary plug, 63. 
Seatings, 39. 

^iloovc, 4^. 

Spriiigir40. 

"Tappets, 4tt. 

Vapor i /or, M9. 


I 'w- 

I • 

I Watkb paper, s<^e Cylinders. 

I W^3ston . cJjiirih, Disk 

I clutclies.% 

I Wheel mounting, lii, 112, 
j 113, 137. 

i Wiring diagram, see Magnetos. 
! Work, definition of, 23. ^ 

Worm awd^^ittor ir, see 
I Irrev^ii)]e gearing. 

I - driving gear, 13G. 
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